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PREFACE  TO  FOURTH  EDITION. 

During  the  fourteen  years  which  have  elapsed  since  the  appear- 
ance of  the  first  edition  of  this  book,  the  subject  matter  of  which  it 
treats  has  increased  in  importance,  has  modified  our  conceptions  of 
disease,  and  has  furnished  facts  which  are  now  utilized  in  treatment. 
Quite  naturally,  during  the  growth  and  development  of  the  chem- 
istry of  the  infectious  diseases,  this  science  has  from  time  to  time 
changed  the  relative  importance  of  different  phenomena.  When  the 
first  edition  of  this  book  was  written  it  was  believed  by  those  most 
competent  to  speak  on  the  subject,  that  the  basic  products  of  bacte- 
rial growth  constituted  the  chief  factors  in  the  causation  of  the  in- 
fectious diseases,  but  it  has  been  shown  by  subsequent  discoveries 
that  this  conception  is  erroneous,  and  we  now  look  for  the  specific 
bodies  among  the  synthetic  substances  formed  within  the  cells  of  the 
microorganism.  This  advance  in  knowledge  has  rendered  the  chief 
title  selected  for  former  editions  inappropriate,  and  accounts  for  the 
change  which  we  have  made  therein.  The  text  has  for  the  most  part 
been  rewritten  with  the  intention  of  curtailing  the  space  given  to 
subjects  which  advanced  knowledge  has  shown  to  be  less  important, 
and  also  for  the  purpose  of  introducing  new  matter.  We  regret  ex- 
ceedingly that  want  of  space  has  compelled  us  to  omit  altogether  the 
bibliography  found  in  previous  editions.  References  to  the  litera- 
ture employed  in  the  older  editions  have  been  omitted,  while  those 
bearing  upon  investigations  which  have  been  made  since  the  appear- 
ance of  the  last  edition  are  given  in  footnotes.  Those  to  whom  the 
third  edition  is  accessible  will  be  able  to  look  up  every  piece  of  work 
referred  to  in  this  volume  and  satisfy  themselves  concerning  the  in- 
terpretation which  we  have  placed  upon  the  original  contributions. 
In  order  to  abbreviate  as  much  as  possible,  we  have  omitted  many 
details  given  in  the  previous  editions.  This  curtailment  has  of 
necessity  not  been  uniform  throughout  the  book  ; certain  chapters 
having  been  cut  down  much  more  than  others.  In  some  instances 
the  desire  to  take  up  less  space  has  possibly  led  us  to  omit  state- 
ments of  considerable  importance.  Especially  is  this  true  of  the 
chapter  devoted  to  poisonous  foods.  Several  new  chapters  have 
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been  added,  bringing  into  the  volume  subjects  which  were  wholly 
unknown  at  the  writing  of  the  last  edition.  We  have  endeavored  to 
present  to  our  readers  everything  of  importance  done  in  the  lines 
treated  of  down  to  the  close  of  the  year  1901.  If  this  volume  meets 
with  the  kind  reception  extended  to  its  predecessors,  its  authors  will 
feel  themselves  amply  repaid  for  the  labor  that  they  have  placed 
upon  it. 

University  of  Michigan,  June  1,  1902. 
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CHAPTER  I. 

THE  ETIOLOGY  OF  THE  BACTERIAL  DISEASES. 

The  bodies  of  the  higher  animals  are  made  up  of  groups  of  spe- 
cialized cells,  which  are  mutually  dependent,  one  upon  the  other,  for 
their  normal  development  and  continued  healthy  existence.  These 
groups  of  cells  constitute  the  various  organs  and  the  framework  by 
which  they  are  held  together  and  through  which  food  is  distributed 
to  all,  and  the  special  products  of  one  colony  are  carried  to  the  others, 
or  cast  out  from  the  whole  as  waste  material.  Each  organ  has  its 
special  functions,  the  healthy  performance  of  which  is  necessary  to 
the  well-being  of  the  whole.  If  the  digestive  cells  of  the  alimentary 
canal  fail  to  secrete  active  fluids,  the  cells  of  the  brain,  the  heart, 
the  lungs,  and,  in  short,  of  every  part  of  the  body  are  impaired  and 
disease  results.  If  the  food  be  properly  digested  and  the  absorption 
cells  of  the  walls  of  the  alimentary  canal  fail,  a like  disaster  is 
brought  upon  the  whole.  If  the  kidneys,  liver,  skin,  or  lungs  do 
not  properly  eliminate  effete  and  poisonous  products,  these  accumu- 
late and  interrupt  the  healthy  activity  of  the  cells  of  the  body. 
Disease  is  the  result  of  impaired  or  perverted  cell  action. 

The  animal  body  is  often  invaded  by  foreign  cells,  which  may  be- 
come, for  a time  at  least,  parasites,  living  at  the  expense  of  the  host 
and  elaborating  their  own  special  products,  which  may  prove  harmful 
to  one  or  more  of  the  colonies  of  cells  constituting  the  healthy  body, 
and  thus  the  health,  and  even  the  existence  of  the  whole,  may  be 
placed  in  jeopardy.  These  foreign  cells  find  their  way  into  the  body 
with  the  food,  drink,  inhaled  air,  or  through  some  break  in  the  skin 
or  mucous  membrane.  The  harmful  invaders  may  consist  of  micro- 
scopical, unicellular  forms  of  vegetable  life  known  as  bacteria,  and 
the  action  of  their  special  products  upon  the  cells  of  the  body  gives 
rise  to  the  bacterial  diseases. 

Certain  other  vegetable  forms  of  life,  especially  those  belonging 
to  the  fungi,  may  live  as  parasites  on  the  higher  animals.  These  are 
not  known  to  produce  chemical  poisons,  but  by  their  presence  and 
encroachment  on  certain  tissues  they  induce  impaired  or  perverted 
action  of  the  cells  of  the  same.  The  skin  is  the  favorite  habitat  of 
these  parasites,  and  the  disorders  which  they  cause  are  known  as 
fxmgous  diseases. 
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Some  species  of  single-celled  animal  organisms,  known  as  pro- 
tozoa, may  invade  the  body  and  there  live  and  reproduce  themselves, 
modifying,  impairing  and  destroying  normal  tissue.  The  disorders 
resulting  from  these  causes  are  known  as  p'otozoal  diseases. 

Other  more  highly  developed  animals  pass  at  least  a portion  of 
their  lives  as  parasites,  and  we  must  recognize  certain  diseases  as  due 
to  animal  parasites. 

The  living  cells  of  the  animal  body  may  be  altered  or  destroyed 
by  the  action  of  poisons  of  mineral,  vegetable  or  animal  origin. 
The  poisoning  that  results  in  this  way  may  be  acute  or  chronic ; it 
may  manifest  itself  in  one  case  principally  by  its  action  on  the  nerv- 
ous system,  and  in  another  the  symptoms  induced  may  be  referred 
more  especially  to  the  digestive  organs.  Diseases  due  to  the  ad- 
ministration of  poisons  generated  wholly  outside  the  body  are  grouped 
together  under  the  name  of  intoxications. 

A given  group  of  cells  in  the  body  may  be  so  altered  by  mechan- 
ical violence  that  the  continued  performance  of  healthy  function  is 
no  longer  possible.  A depression  of  the  skull,  as  the  result  of  a fall 
or  blow,  may  induce  epilepsy  or  insanity.  Diseases  induced  in  this 
manner  are  said  to  be  traumatic. 

Lastly,  without  outside  interference,  any  group  of  cells  in  the 
body  may,  from  having  an  excess  of  work  thrown  on  it,  or  from 
other  causes,  many  of  which  remain  unknown,  fail  to  do  its  duty, 
and,  as  a consequence,  disaster  may  threaten  the  whole.  These 
diseases  may  be  denominated  as  autogenous. 

This  gives  us  a simple  etiological  classification  of  diseases  into  : 
(1)  Bacterial,  (2)  fungous,  (3)  protozoal,  (4)  animal  parasitic,  (5) 
intoxications,  (6)  traumatic,  (7)  autogenous. 

While  the  above  given  etiological  classification  of  diseases  is  ad- 
missible, it  must  be  understood  that  in  many  instances  the  cause  is 
not  single,  but  multiple,  and  for  this  reason  sharp  lines  of  classifi- 
cation cannot  be  drawn  ; for  instance,  the  greatest  danger  in  those 
traumatic  affections  in  -which  the  traumatism  itself  does  not  cause 
death,  lies  in  infection.  The  wound  has  simply  provided  a suitable 
point  of  entrance  for  the  infecting  agent ; indeed  the  break  in  the  con- 
tinuity of  tissue  may  be  so  slight  that  it  is  of  import  and  danger  only 
on  account  of  the  coincident  or  subsequent  infection,  as  is  true  in 
most  cases  of  tetanus  and  septicemia.  Furthermore,  an  infectious 
disease,  whether  it  originates  in  a traumatism  or  not,  is  markedly 
influenced  by  what  we  are  pleased  to  call  the  idiosyncrasy  of  the 
patient,  and  by  this  we  mean  the  peculiarities  of  tissue  metabolism 
taking  place  in  the  individual  at  the  time.  A dozen  men  may  be 
alike  exposed  to  the  same  infection,  and  the  infecting  agent  may  find 
a suitable  soil  for  its  growth  and  development  in  two  of  these,  while 
in  the  other  ten  this  same  agent  meets  with  such  adverse  influences 
that  it  dies  without  producing  any  appreciable  effects  ; or  all  may  be 
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infected,  but  with  differences  in  degree,  as  is  evidenced  by  variation 
in  symptoms,  in  the  length  of  time  that  the  infecting  agent  con- 
tinues to  grow  and  develop  in  the  body,  and  in  the  ultimate  result. 
Every  physician  who  has  had  experience  in  the  treatment  of  any  of 
the  infectious  diseases  appreciates  the  importance  of  the  personal 
equation  in  his  patients.  It  is  a fact,  frequently  observed  clinically, 
and  capable  of  experimental  demonstration,  that  privation  and  ex- 
haustion not  only  increase  susceptibility  to  infectious  diseases  but 
also  heighten  mortality  from  the  same. 

That  some  neurotic  affections  originate  from  traumatism,  has  been 
abundantly  demonstrated  ; that  some  are  largely  due  to  malnutrition 
accompanied  by  improper  metabolism  or  insufficient  elimination,  or, 
in  other  words,  are  to  some  extent  autogenous,  all  believe.  With  a 
clear  understanding  that  the  above  classification  does  not  attempt  a 
sharp  and  marked  differentiation  of  the  causes  of  disease,  we  will 
give  our  attention  to  a consideration  of  the  etiology  of  the  infectious 
diseases,  and  of  the  traumatic  and  autogenous,  in  so  far  as  these  are 
influenced  by  infection. 

Recognizing  the  fact  that  germs  do  bear  a causal  relation  to  some 
diseases,  the  question  arises,  how  do  these  organisms  act?  Inas- 
much as  anthrax  was  the  first  disease  demonstrated  to  be  due  to  bac- 
teria, attempts  to  answer  this  question  have  generally  been  made  by 
reference  to  the  microorganism  of  this  affection,  or,  in  other  words, 
the  question  is  changed  so  as  to  read,  “ In  what  way  does  the  bacillus 
anthracis  induce  the  symptoms  of  this  disease  and  cause  death  ? ” 
Of  the  proposed  solutions  of  this  problem  the  following  are  the  most 
important  : 

1.  It  was  suggested  by  Bollinger  that  apoplectiform  anthrax  is 
due  to  deoxidation  of  the  blood  by  the  bacilli.  These  germs  are 
aerobic,  and  it  was  thought  that  they  might  act  by  depriving  the  red 
blood  corpuscles  of  their  oxygen.  This  theory  was  rendered  more 
tenable  by  the  resemblance  of  the  symptoms  of  anthrax  to  those  of 
carbonic  acid  poisoning.  The  most  prominent  of  these  symptoms 
are  dyspnoea,  cyanosis,  convulsions,  dilated  pupils,  subnormal  tem- 
perature, and,  in  general,  the  phenomena  of  asphyxia.  Moreover, 
post-mortem  examination  reveals  conditions  similar  to  those  observed 
after  death  by  deprivation  of  oxygen;  the  veins  are  distended,  the 
blood  is  dark  and  thick,  the  parenchymatous  organs  are  cyanotic, 
and  the  lungs  are  hyperemic.  Apoplectiform  anthrax  was  compared 
to  poisoning  with  hydrocyanic  acid,  which  was  at  one  time  believed 
to  produce  fatal  results  by  robbing  the  blood  of  its  oxygen. 

This  theory  presupposed  a large  number  of  bacilli  in  the  blood, 
and  this  accorded  with  the  estimate  of  Davaine,  which  placed  the 
number  at  from  eight  to  ten  million  in  a single  drop ; but  more  ex- 
tended and  careful  observation  showed  that  the  blood  of  animals 
dead  from  anthrax  is  often  very  poor  in  bacilli.  Virchow  reported 
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cases  of  this  kind  and  Bollinger  himself  found  the  bacilli  often  con- 
fined to  certain  organs,  and  not  abundant  in  the  blood.  Later, 
Siedamgrotzky  counted  the  organisms  in  the  blood  in  various  cases 
and  found  not  only  that  the  estimate  made  by  Davaine  is  too  large, 
but  that  in  many  instances  the  number  present  in  the  blood  is  small, 
while  Joffroy  observed  in  some  of  his  inoculation  experiments  that 
the  animals  died  before  any  bacilli  appeared  in  the  blood.  These 
and  other  investigations  of  similar  character  caused  workers  in  this 
field  of  research  to  doubt  the  truth  of  the  theory  of  Bollinger,  and 
these  doubts  were  soon  converted  into  positive  evidence  against  it ; 
but  for  a while  it  was  the  subject  of  an  interesting  controversy. 
Pasteur,  in  support  of  the  theory,  reported  that  birds  were  not  sus- 
ceptible to  anthrax,  and  he  accounted  for  this  by  supposing  that 
the  blood  corpuscles  in  birds  do  not  part  with  their  oxygen  readily. 
However,  it  was  shown  by  Oemler  and  Feser  that  the  learned 
Frenchman  had  generalized  from  limited  data,  and  that  many  birds 
are  especially  susceptible  to  this  disease.  Oemler  found  that  the 
blood,  even  when  rich  in  anthrax  bacilli,  still  possesses  the  bright 
red  color  of  oxyhemoglobin.  Toepper  and  Roloff  reported  cases  of 
apoplectiform  anthrax  in  which  there  was  no  difficulty  in  respiration, 
and  Toussaint  caused  animals  which  had  been  inoculated  with  the 
anthrax  bacillus  to  breathe  air  containing  a large  volume  of  oxygen 
and  found  that  this  did  not  modify  the  symptoms  or  retard  death. 
Finally,  Nencki  determined  the  amount  of  physiological  oxidation 
going  on  in  the  bodies  of  animals  sick  with  anthrax  by  estimating 
the  amount  of  phenol  excreted  after  the  administration  of  one  gram 
of  benzol,  and  found  that  the  oxidation  of  the  benzol  was  not  dimin- 
ished by  the  disease.  In  short,  the  theory  that  germs  destroy  life 
by  depriving  the  blood  of  its  oxygen  has  been  found  not  to  be  true 
for  anthrax,  and  if  not  true  for  anthrax,  certainly  it  cannot  be  for 
any  other  known  disease.  The  bacillus  anthracis  is,  as  has  been 
stated,  aerobic,  while  many  of  the  pathogenic  bacteria  are  anaerobic 
— that  is,  they  live  in  the  absence  of  oxygen  ; this  element  is  not 
necessary  to  their  existence,  and  indeed,  when  present  in  large 
amount,  it  is  fatal  to  them.  Moreover,  in  many  diseases  the  bacteria 
are  not  found  in  the  blood  at  all,  and,  lastly,  the  symptoms  of  these 
diseases  are  not  those  of  asphyxia.  These  facts  have  caused  a com- 
plete abandonment  of  this  theory. 

2.  If  a properly  stained  section  of  a kidney  taken  from  a guinea- 
pig,  which  has  been  inoculated  with  the  bacillus  anthracis,  be  ex- 
amined under  the  microscope,  the  bacilli  will  be  found  to  be  pres- 
ent in  such  large  numbers  that  they  form  emboli,  which  not  only 
close,  but  actually  distend  the  capillaries  and  even  larger  blood  ves- 
sels, and  interfere  with  the  normal  functions  of  the  organ.  A 
similar  condition  is  sometimes  found  on  microscopical  examination  of 
the  liver,  spleen  and  lungs.  From  these  appearances  it  was  in- 
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ferred  by  Bolliuger  that  the  bacilli  produce  the  diseased  condition 
by  accumulating  in  large  numbers  in  these  important  organs,  and 
mechanically  interrupting  their  functions.  This  is  known  as  the 
mechanical  interference  theory. 

If  anthrax  were  the  only  infectious  disease,  or  if  in  other  infec- 
tions the  germs  were  as  numerous  in  the  blood  as  they  are  in  anthrax, 
the  mechanical  interference  theory  would  still  have  strong  support, 
but  to  the  majority  of  germ  diseases  it  is  not  at  all  applicable. 

3.  Another  answer  given  to  this  question,  “ How  do  germs  cause 
disease?”  is  that  they  do  so  by  consuming  the  proteids  of  the  body, 
and  thus  depriving  it  of  its  sustenance.  The  proteids  are  known  to 
be  necessary  for  the  building  up  of  cells  and  it  is  also  known  that 
microorganisms  feed  upon  proteids.  However,  this  theory  is  unten- 
able for  several  reasons  : in  the  first  place,  many  of  the  infectious  dis- 
eases destroy  life  so  quickly  that  the  fatal  effects  cannot  be  supposed 
to  be  due  to  the  consumption  of  any  large  amount  of  proteid ; in  the 
second  place,  the  distribution  of  the  microorganisms  is  such  that 
they  do  not  come  in  contact  with  any  large  proportion  of  the  pro- 
teids of  the  body ; in  the  third  place,  the  symptoms  of  the  majority 
of  the  bacterial  diseases  are  not  those  which  would  be  produced  by 
withdrawing  from  the  various  organs  their  food.  The  symptoms  are 
not  those  of  starvation. 

4.  Still  another  theory,  which  has  been  offered,  is  that  the 
bacteria  destroy  the  blood  corpuscles,  or  lead  to  their  rapid  dis- 
integration. But  in  many  of  the  infectious  diseases,  as  has 
been  stated, the  microorganisms,  although  abundant  in  some  or- 
gans, are  not  present  in  the  blood.  Moreover,  the  disintegration 
of  the  blood  corpuscles  is  not  confirmed  by  microscopical  exami- 
nation. 

5.  Seeing  the  vital  deficiencies  in  the  above  theories,  and  being 
impressed  by  the  results  obtained  by  the  chemical  study  of  putrefac- 
tion, bacteriologists  have  been  led  to  inquire  into  the  possibility 
of  the  symptoms  of  the  infectious  diseases  being  due  to  chemical 
poisons.  In  investigating  this  theory,  the  following  possibilities 
suggest  themselves  : 

(a)  The  microorganisms  may  be  intimately  associated  with,  or 
may  produce,  a soluble  chemical  ferment,  which  by  its  action  on  the 
body  produces  the  symptoms  of  the  disease  and  death.  At  one  time 
this  theory  had  a number  of  ardent  supporters,  among  whom  might 
be  mentioned  the  eminent  scientist  De  Bary  ; but  Pasteur  proved 
the  theory  false  when  he  filtered  anthrax  blood  through  earthen 
cylinders,  inoculated  animals  with  the  filtrate  and  failed  to  pro- 
duce any  effect.  Nencki  made  a similar  demonstration  when  he 
inoculated  a two  per  cent,  gelatin  preparation  with  the  anthrax 
bacillus,  which  liquefied  the  gelatin,  and  on  standing  the  bacilli 
settled  to  the  bottom,  after  which  the  supernatant  fluid  which  was, 
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clear  and  alkaline  in  reaction,  was  filtered  and  injected  into  animals 
without  producing  any  effect. 

It  must  not  be  inferred  from  the  above  statements  that  bacteria 
do  not  produce  ferments.  Many  of  them  do  form  both  diastatic  and 
peptic  ferments,  which  may  retain  their  activity  after  the  bacteria 
have  been  destroyed ; but  there  is  no  proof  in  any  case  that  these 
ferments  have  a causal  relation  to  the  disease.  After  the  disease 
process  has  been  inaugurated  some  of  these  ferments  probably  play 
an  important  part  in  the  production  of  morphological  changes,  the 
nature  of  which  will  be  indicated  when  the  different  diseases  are  dis- 
cussed. 

(6)  The  microorganisms  may  act  either  directly  or  indirectly  as 
ferments,  splitting  up  complex  proteids  in  the  tissue  and  producing 
among  these  split  products  the  specific  poisons  which  induce  the 
characteristic  symptoms  of  the  disease,  and  may  cause  death.  This 
theory,  once  quite  generally  held,  has  stimulated  numerous  investi- 
gations, some  of  which  have  led  to  important  discoveries;  but  at 
present  it  is  safe  to  say  that  among  the  bacterial  split  products  formed 
either  in  artificial  culture  media  or  in  the  body,  there  is  not  found 
one  which,  on  account  of  its  intensity  of  action  or  from  the  nature  of 
the  symptoms  which  it  produces,  can  be  regarded  as  the  specific  cause 
of  any  one  of  the  infectious  diseases.  Moreover,  it  has  been  shown 
that  some  of  the  most  virulent  germs,  as  for  instance,  the  bacillus  of 
tetanus,  will  grow  and  retain  their  virulence  in  artificial  cultures 
made  up  principally  of  inorganic  substances  and  containing  only 
minute  quantities  of  organic  bodies  of  such  simple  construction  that 
it  must  be  admitted  that  the  specific  toxins  of  these  microorganisms 
cannot  result  from  their  cleavage  action. 

While  we  are  forced  to  conclude  that  no  specific  toxin  has  been 
found  among  the  cleavage  products  of  bacteria,  it  is  well  established 
that  certain  powerful  poisons  originate  in  this  way,  and  it  will  come 
within  the  scope  of  this  treatise  to  deal  with  all  substances  formed  by 
the  cleavage  action  of  bacteria,  both  upon  the  constituents  of  artificial 
culture  media  and  within  the  animal  body. 

(c)  Poisons  may  be  produced  by  the  cellular  activity  of  bacteria 
much  in  the  same  way  as  morphin  is  formed  in  the  poppy.  This 
theory  supposes  that  the  formation  of  bacterial  toxins  is  a synthetical, 
rather  than  an  analytical,  process.  It  is  now  generally  believed  that 
most,  if  not  all,  of  the  pathogenic  microorganisms  consist  of  cell  walls 
containing  cell  protoplasm,  and  that  the  specific  toxin  is  a constit- 
uent of  the  protoplasm,  and  that  its  formation  is  one  of  the  vital 
phenomena  manifested  by  the  organism  in  its  processes  of  growth 
and  multiplication.  In  some  species  the  cell  wall  is  not  easily  per- 
meable and  the  toxin  is  found  only  within  the  cell ; while  in  other 
species  the  toxin  formed  within  the  cell  readily  passes  through  the 
wall  and  diffuses  through  the  culture  media  in  artificial  growths,  or 
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through  the  tissues,  when  the  germ  is  multiplying  in  the  animal 
body.  In  at  least  some  species  the  formation  of  a toxin  is  not  a 
phenomenon  which  invariably  accompanies  growth  and  multipli- 
cation. This  is  shown  to  be  true  by  the  frequently  observed  fact 
that  a highly  virulent  germ  may  under  certain  conditions  wholly 
lose  its  toxicity  while  it  continues  to  vegetate  most  luxuriantly.  It 
seems  to  be  evident  that  certain  conditions  of  growth,  as,  for  in- 
stance, the  nature  of  the  medium,  the  temperature,  the  supply  of 
oxygen,  and  the  presence  or  absence  of  certain  chemical  agents,  de- 
termine the  amount  of  specific  toxin  formed  within  the  cell.  Most 
pathogenic  germs  find  the  conditions  suitable  for  the  elaboration 
of  poisons  at  their  optimum  in  the  animal  body,  and  for  this  reason 
their  virulence  is  increased  by  passing  successively  through  a series 
of  animals.  However,  this  is  not  always  true,  and  germs  may  de- 
crease in  virulence  by  being  passed  through  certain  animals  ; some 
observers  have  reported  the  finding  of  certain  microorganisms  that 
invariably  decrease  in  virulence  on  being  transferred  from  one 
animal  to  another.  There  are  many  interesting  questions  along  this 
line  which  need  to  be  investigated  much  more  fully  than  has  been 
done  up  to  the  present  time  before  we  can  speak  positively  concern- 
ing them.  They  furnish  the  basis  of  problems  that  are  of  both 
scientific  and  practical  interest.  In  many  epidemics  the  specific 
microorganism,  to  which  the  epidemic  disease  is  due,  apparently  in- 
creases for  a while  in  virulence  and  then  gradually  seems  to  become 
less  dangerous.  However,  a discussion  of  these  questions  would  take 
us  too  far  away  from  the  subject  matter  just  now  in  hand. 

We  will  now  give  what  appears  to  us,  in  the  present  state  of  our 
knowledge,  a correct  definition  of  an  infectious  disease  : 

An  infectious  disease  arises  when  a specific,  pathogenic  microor- 
ganism, having  gained  admittance  to  the  body  and  having  found  con- 
ditions favorable,  grows  and  multiplies,  and  in  so  doing  elaborates  a 
chemical  poison  which  induces  its  characteristic  effects. 

In  the  systemic  infectious  disease,  such  as  anthrax,  typhoid  fever 
and  cholera,  the  specific  poison  is  undoubtedly  taken  into  the  gen- 
eral circulation,  and  may  reach  and  influence  every  part  of  the  body. 
In  the  local  infectious  diseases,  such  as  gonorrhea  and  infectious 
ophthalmia,  the  first  action  of  the  poison  seems  to  be  confined  to  the 
place  ot  its  formation  ; although  even  in  these,  when  of  a specially 
virulent  type,  the  effects  may  extend  to  the  general  health,  or  the 
poison  may  strongly  act  on  some  distant  part  of  the  body.  It  is 
probably  true  that  in  many  of  the  infectious  diseases  the  chemical 
poison  has  both  a local  and  a systemic  action  ; thus,  it  is  by  no  means 
certain  that  the  ulceration  of  typhoid  fever  is  due  directly  to  the 
living  bacillus,  for  it  is  now  an  established  fact  that  this  disease  may 
exist,  run  a typical  course,  and  end  in  death,  without  anatomical 
changes  in  the  intestine.  In  diphtheria  and  tetanus  the  toxin 
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formed  within  the  bacterial  cells  readily  diffuses  through  the  cell 
walls  and  enters  the  circulation,  while  the  organism  itself  is  confined 
to  relatively  a small  area  and  may  not  be  found  in  the  blood  at  all. 
Such  diseases  are  properly  called  bacterial  intoxications.  In  some 
other  infectious  diseases,  such  as  anthrax  and  one  form  of  the  plague, 
the  germ  itself  may  be  distributed  by  the  blood  and  lymph  to  every 
part  of  the  body  ; these  diseases  are  designated  as  septicemias. 

With  the  proof  established  that  the  deleterious  effects  wrought  by 
germs  are  due  to  chemical  poisons  elaborated  by  them,  let  us  inquire 
what  properties  a microorganism  must  possess  before  it  can  be  said 
to  be  the  specific  cause  of  a disease.  The  four  rules  of  Koch  have 
been  conceded  to  be  sufficient  to  show  that  a given  germ  is  the  sole 
and  efficient  cause  of  the  disease  with  which  that  germ  is  associated. 
Briefly  these  rules  are  as  follows  : 

1.  The  germ  must  be  present  in  all  cases  of  that  disease. 

2.  It  must  be  isolated  from  other  organisms  and  from  all  other 
matter  found  with  it  in  the  diseased  animal. 

3.  The  germs  thus  freed  from  all  other  foreign  matter  must,  when 
properly  introduced,  produce  the  disease  in  healthy  animals. 

4.  The  microorganism  must  be  found  properly  distributed  in  the 
animal  in  which  the  disease  has  been  induced. 

We  will  briefly  discuss  the  applicability  of  these  rules.  When  it 
is  stated  that  the  germ  must  be  present  in  all  cases  of  the  disease,  it 
need  not  be  understood  that  an  unlimited  number  of  cases  must  be 
examined  before  the  causal  relation  of  a given  organism  to  the  disease 
may  be  reasonably  suspected.  This  would  require  more  than  a life- 
time, and  would  demand  facilities  for  the  study  of  the  special  disease 
that  do  not  and  cannot  exist.  The  number  of  cases  in  which  the  germ 
is  constantly  found  should  be  reasonably  large,  and  the  larger  this 
number  the  greater  the  probability  that  the  organism  is  etiologically 
related  to  the  disease.  Moreover,  the  germ  may  be  present  in  all 
cases,  and  yet  it  may  not  be  found  in  all.  To  demand  that  it  be 
found  in  all  cases  would  be  to  presume  that  the  methods  of  detecting 
and  recognizing  a given  organism  are  perfect,  and  there  is  no  ground 
for  this  assumption.  Again,  since  the  results  of  no  one  man’s  work 
can  be  accepted  in  science  until  they  have  been  confirmed  by  others, 
the  personal  equation  must  be  considered ; what  one  man  finds, 
another  may  fail  to  find.  Diligence,  skill  and  accuracy  are  not 
equally  developed  in  all  men,  and,  moreover,  the  methods  employed 
may  differ.  To  illustrate  these  points  : Koch,  after  the  most  pains- 
taking study  embracing  twenty-nine  cases  of  pulmonary  tuberculosis, 
nineteen  of  miliary  tuberculosis,  twenty-one  of  tuberculous  glands, 
thirteen  of  tuberculous  joints,  ten  of  tuberculosis  of  the  bones,  four 
of  lupus,  and  seventeen  of  bovine  tuberculosis,  announced  that  he 
had  discovered  a bacillus  which  is  constantly  present  in  tubercular 
disease.  Since  this  announcement  thousands  of  physicians  and  bac- 
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teriologists,  possessing  different  degrees  of  skill,  and  often  by  differ- 
ent methods  of  staining,  with  microscopes  of  all  kinds,  good  and  bad, 
have  sought  for  this  bacillus,  and  it  is  not  strange  that  now  and  then 
some  man  fails  to  find  the  organisn!  in  a genuine  case  of  tuberculosis. 

Another  most  important  point  in  this  connection  lies  in  the  fact 
that  the  clinical  and  the  bacteriological  diagnoses  do  not  always  agree. 
The  most  skilful  clinicians  may  differ  concerning  a case  of  membra- 
nous sore  throat.  One  is  sure  that  it  is  diphtheria ; a second  is  in 
doubt  and  reports  it  as  a suspicious  or  doubtful  case ; and  a third  is 
sure  that  it  is  not  diphtheria.  A bacteriological  examination  may 
reveal  or  fail  to  reveal  the  presence  of  the  Loeffler  bacillus.  Again, 
it  may  be  that  any  number  of  the  most  competent  clinicians  agree 
in  saying  that  the  case  is  or  is  not  one  of  diphtheria,  and  yet  a bac- 
teriological examination  may  result  in  a contradictory  diagnosis. 
This  is  exactly  what  has  happened  in  the  study  of  diphtheria.  From 
statistics  gathered  by  Novy,  it  appears  that  of  8,186  cases  of  clinical 
diphtheria,  diagnosed  as  such  by  different  men  in  Europe  and  Amer- 
ica (to  May,  1895),  the  Loeffler  bacillus  was  found  in  5,943,  the 
bacteriological  examinations  also  being  made  by  different  men.  The 
clinical  diagnosis  was  confirmed  bacteriologically  in  72.6  per  cent,  of 
these  cases.  On  the  other  hand,  of  333  cases  diagnosed  as  diphtheria 
by  Baginsky,  332  furnished  the  bacillus,  and  of  117  seen  by  Kossel, 
all  were  confirmed  by  the  bacteriological  examination.  These  figures 
are  given  to  illustrate  the  factors  of  variation  that  may  arise  in  the 
application  of  the  first  of  Koch’s  rules. 

Shall  we  accept  the  clinical  or  the  bacteriological  classification  of 
disease  ? There  can  be  no  doubt  that  the  latter  is  the  more  exact, 
and  its  adoption  will  lead  to  a more  accurate  and  scientific  study  of 
disease.  An  etiological  classification  of  the  infectious  diseases  is  one 
of  the  great  desiderata  of  scientific  medicine.  Whether  it  will  ulti- 
mately be  made  upon  the  morphological  characters  of  the  bacteria  or 
on  their  poisonous  products  cannot  yet  be  determined.  There  are 
certain  objections  to  making  the  first  of  these  the  basis  that  seem 
well-nigh  insuperable,  and  some  of  these  will  be  discussed  later. 

The  importance  of  the  first  of  Koch’s  rules  is  self-evident ; how- 
ever, the  invariable  presence  of  any  germ  in  a certain  disease  does 
not  prove  that  the  former  is  the  cause  of  the  latter.  Indeed,  so  long 
as  the  investigation  goes  no  further  than  this,  we  are  justified  in  say- 
ing that  the  microorganism  may  be  an  accompaniment  or  a conse- 
quence of  the  disease  ; therefore,  additional  evidence  is  wanting,  and 
is  furnished  by  complying  with  the  other  rules  of  Koch. 

The  second  rule  is  complied  with  by  means  of  plate  and  other  cul- 
tures, a description  of  which  would  be  out  of  place  here. 

The  third  and  fourth  rules  are  difficult  of  application,  because  the 
lower  animals  are  often  immune  to  many  of  the  diseases  to  which 
man  is  susceptible. 
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The  time  will  probably  come  when  the  true  test  of  the  specific 
character  of  a germ  will  be  made  with  the  chemical  products.  A 
given  bacterium  may  not  multiply  in  the  circulating  blood  of  a dog, 
and  failure  to  do  so  is  by  no  means  proof  that  the  same  organism 
might  not  cause  disease  in  man  ; but  every  germ  which  causes  dis- 
ease in  man  does  so  by  its  chemical  products  ; and  if  these  be  isolated 
and  injected  into  the  dog  in  sufficient  quantity  a poisonous  effect  will 
most  likely  follow.  In  the  study  of  the  bacteria  of  the  infectious 
diseases,  the  third  and  fourth  of  Koch’s  rules  have  not  been  com- 
plied with  in  many  cases,  as  has  been  stated,  on  account  of  the  in- 
susceptibility of  the  lower  animals.  The  majority  of  investigators, 
meeting  with  this  difficulty,  have  been  inclined  to  rest  content  with 
the  first  two  rules,  and  to  conclude  that  when  a given  germ  is  con- 
stantly present  in  a given  disease  and  not  found  in  other  diseases, 
that  it  is  the  cause  of  the  disease  with  which  it  is  associated.  In 
1889,  Vaughan  suggested  that  in  those  instances  in  which  the  third 
and  fourth  of  Koch’s  rules  cannot  be  complied  with  on  account  ot 
the  insusceptibility  of  the  lower  animals,  it  should  be  shown  that 
the  germ  can  produce  chemical  poisons  which  will  induce  in  the 
lower  animals  in  an  acute  form  the  characteristic  symptoms  of  the 
disease,  before  the  proof  that  the  given  germ  is  the  cause  of  the  dis- 
ease be  accepted  as  positive. 

The  science  of  bacteriology  has  of  necessity  been  largely  founded 
upon  morphological  studies.  Bacteriologists  have  given  their  time 
and  attention  to  the  discovery  of  bacterial  forms  in  the  diseased 
organism,  and  to  observations  of  characteristics  in  structure  and 
growth  of  different  species  of  bacterial  life.  This  is  perfectly  proper, 
but  we  must  also  study  the  physiology  and  chemistry  of  germs  and 
until  this  is  done  we  must  remain  ignorant  of  the  true  cause  of  dis- 
ease, and  so  long  as  we  remain  ignorant  of  the  cause  it  cannot  be 
expected  that  we  shall  discover  scientific  and  successful  methods 
of  treatment.  Suppose  that  our  knowledge  of  the  yeast  plant  was 
limited  to  its  form  and  method  of  growth ; of  how  little  practical 
importance  would  this  knowledge  be.  That  the  yeast  plant  requires 
a saccharine  soil  before  it  can  grow,  that  given  such  a soil  it  produces 
carbonic  acid  gas  and  alcohol  are  the  most  important  and  practical 
facts  which  have  been  ascertained  in  its  study.  Likewise,  the  con- 
ditions under  which  pathogenic  germs  multiply,  and  the  products 
which  they  elaborate  in  their  multiplication,  must  be  ascertained  be- 
fore their  true  and  complete  relationship  to  disease  can  be  understood. 

In  saying  that  the  morphological  work  upon  which  the  science  of 
bacteriology  largely  depends  is  inadequate,  we  wish  that  it  may  be 
plainly  understood  that  we  are  not  offering  any  hostile  criticisms 
upon  the  great  men  who  have  done  this  work  and  who  have  formu- 
lated conclusions  therefrom.  The  development  of  bacteriology  has 
been  in  accordance  with  the  natural  law  governing  the  growth  of  all 


ETIOLOG  Y. 


27 


the  biological  sciences.  The  study  of  form  naturally  and  necessarily 
precedes  the  study  of  function.  The  ornithologist  finds  a new  species 
of  bird  ; he  first  studies  its  shape  and  size,  the  color  of  its  plumage, 
the  form  of  its  beak,  the  number  and  arrangement  of  the  feathers  of 
the  tail  and  wing,  the  color  of  the  eyes,  etc.  All  this  can  be  done 
with  a single  specimen,  recognizing  the  fact,  however,  that  variations 
more  or  less  marked  are  likely  to  be  found  in  other  individuals. 
More  time  and  wider  opportunities  for  observation  will  be  needed 
before  he  can  tell  where  and  when  this  bird  is  accustomed  to  build 
its  nest,  upon  what  insects,  grains  and  berries  it  feeds,  with  what 
other  species  of  birds  it  lives  in  peace,  and  with  what  it  is  at  war. 
A much  greater  range  of  observation  and  study  is  necessary  before 
the  naturalist  can  tell  how  his  newly  discovered  species  would  thrive 
if  carried  to  a new  climate  where  it  would  be  compelled  to  live  upon 
unaccustomed  food,  to  build  its  nest  of  strange  material,  and  to 
encounter  new  foes. 

We  repeat  that  it  is  no  discredit  to  the  science  nor  to  those  who 
have  developed  it  to  say  that  the  study  of  bacteriology  has  largely 
been  morphological.  Without  the  morphologist,  the  physiologist 
and  the  physiological  chemist  could  not  exist.  The  science  having 
had  for  its  support  largely  morphological  studies,  the  deductions 
and  formulated  statements  arrived  at  by  its  students  have  been 
reached  in  accordance  with  the  knowledge  obtained  from  this 
source  ; but  since  it  has  been  admitted  that  the  causal  relationship 
between  a given  germ  and  a certain  disease  is  dependent  upon  the 
chemical  products  of  the  growth  of  the  germ,  the  fundamental  lines 
of  work  must  be  made  to  correspond  with  this  knowledge. 

We  may  briefly  enumerate  some  of  the  problems  that  now  lie  be- 
fore us  in  our  attempts  to  study  the  chemical  factors  in  the  causation 
of  the  bacterial  diseases.  In  the  first  place,  it  will  be  desirable  to 
define  and  classify  the  chemical  products  of  bacterial  activity.  In 
doing  this  it  will  be  desirable  at  all  times  to  distinguish  between 
those  substances  which  have  their  origin  in  the  cleavage  action 
of  bacteria  and  those  which  are  formed  by  synthetical  processes 
within  the  cell ; but  our  knowledge  upon  this  subject  is  not  as  yet 
sufficiently  advanced,  nor  does  it  possess  that  degree  of  accuracy 
necessary  before  we  can  determine  positively  the  manner  of  formation 
of  these  substances.  In  defining  and  classifying  the  chemical  prod- 
ucts of  bacterial  activity  we  will  find  quite  naturally  that  there  is 
not  complete  agreement  among  those  who  have  worked  in  this  field 
of  science.  Every  attempt  at  the  classification  of  bacterial  products 
must  at  present  be  regarded  as  provisional  and  subject  to  such  alter- 
ations as  future  discoveries  may  indicate.  It  will  also  be  found 
that  it  is  not  possible  in  all  cases  to  distinguish  between  poisonous 
and  harmless  bacterial  products.  This  subject  will  be  discussed  more 
in  detail  later. 
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In  studying  bacterial  products  it  will  be  necessary  for  us  to  con- 
sider the  conditions  under  which  they  are  formed.  We  will  be  com- 
pelled to  study  those  substances  formed  in  artificial  cultures  as  well 
as  those  formed  in  the  animal  body.  Indeed,  in  some  instances  we 
will  find  our  knowledge  confined  to  investigations  made  under  more 
or  less  artificial  conditions,  and  it  will  be  well  for  us  to  remember 
that  caution  must  be  exercised  in  drawing  conclusions  from  knowl- 
edge thus  obtained.  It  might  be  well  at  this  place  to  distinguish 
between  pathogenic  and  toxicogenic  bacteria.  A pathogenic  bac- 
terium is  one  which,  as  the  name  implies,  induces  a specific  disease 
which  is  recognized  by  more  or  less  well-marked  and  characteristic 
symptoms  during  life,  or  by  more  or  less  definite  lesions  found  after 
death,  or  by  both.  Pathogenic  bacteria  are  always  capable  of  growth 
in  the  animal  body,  in  which  they  multiply  and  elaborate  their  spe- 
cific toxins.  All  pathogenic  germs  are  toxicogenic,  but  it  does  not 
follow  that  all  toxicogenic  bacteria  are  pathogenic.  A toxicogenic 
microorganism  is  one  which,  as  this  name  also  implies,  is  capable  of 
producing  a poison  or  poisons.  A toxicogenic  germ  may  or  may  not 
be  capable  of  growth  in  the  animal  body.  It  may  multiply  in  milk 
or  some  other  article  of  food  before  its  introduction  into  the  body, 
and  may  in  this  menstruum  elaborate  more  or  less  powerful  poisons. 

In  the  second  place  we  will  proceed  to  give  a brief  historical 
sketch  of  the  discovery  and  study  of  the  bacterial  poisons ; and, 
thirdly,  we  will  pass  on  to  a discussion  of  the  special  products  of  the 
specific  pathogenic  bacteria.  In  doing  this  we  will  not  confine  our- 
selves to  the  chemistry  of  toxins  but  will  extend  our  discussion  to 
their  action  on  animals  and  the  pathological  changes  induced  by  them. 

After  discussing  the  subjects  mentioned  above,  we  will  proceed  to 
the  study  of  those  conditions  of  the  animal  body  which  influence  the 
growth  and  development  of  bacteria  in  the  same.  This  will  involve 
a study  of  the  germicidal  constituents  of  the  blood,  the  agglutinating 
action  of  blood  serum,  the  production  and  action  of  the  toxins,  the 
production  of  immunity  and  the  treatment  of  the  infectious  diseases 
by  serum  therapy. 

On  the  conclusion  of  the  above-mentioned  studies  we  will  investi- 
gate questions  pertaining  to  poisonous  foods  which  owe  their  harm- 
ful properties  to  the  presence  of  toxicogenic  bacteria.  In  this  con- 
nection we  will  present  the  known  facts  concerning  food  poisons  and 
the  methods  of  their  detection. 


CHAPTER  II. 


CLASSIFICATION  AND  DEFINITION  OF  THE  CHEMICAL 
PRODUCTS  OF  BACTERIA. 

Ptomains. — While  an  exact  classification  of  the  chemical  products 
of  bacterial  growth  cannot  be  made  at  present,  we  know  of  two  dis- 
tinct classes,  one  of  which  contains  substances  which  combine  with 
acids  forming  salts,"  and  which  in  this  respect  at  least  corresponds 
with  the  inorganic  and  vegetable  bases.  The  members  of  this 
class  are  designated  as  ptomains,  a name  suggested  by  the  Italian 
toxicologist  Selmi,  and  derived  from  the  Greek  word  nroj/xa  meaning 
a cadaver.  A ptomai'n  may  be  defined  as  an  organic  chemical  com- 
pound, basic  in  character,  and  formed  by  the  action  of  bacteria  on 
nitrogenous  matter.  On  account  of  their  basic  properties,  in  which 
they  resemble  the  vegetable  alkaloids,  ptomains  may  be  called  putre- 
factive alkaloids.  They  have  also  been  designated  as  animal  alka- 
loids, but  this  is  a misnomer,  because,  in  the  first  place,  some  of  them 
are  formed  in  the  putrefaction  of  vegetable  matter  ; and,  in  the  second 
place,  the  term  “ animal  alkaloid  ” is  more  properly  restricted  to  the 
leucomains — those  basic  substances  which  result  from  tissue  metabo- 
lism in  the  body.  Robert  employs  the  term  ptomatin  as  etymolog- 
ically preferable  to  ptomai'n. 

While  some  of  the  ptomains  are  highly  poisonous,  this  is  not  an 
essential  property,  and  others  are  wholly  inert.  Indeed,  the  greater 
number  of  those  which  have  been  isolated  do  not,  when  employed  in 
single  doses,  produce  any  apparent  harmful  effects.  Brieger  has  sug- 
gested that  the  term  ptomai'n  be  restricted  to  the  non-poisonous  basic 
products,  and  he  designates  the  poisonous  ones  as  “ toxins  how- 
ever, such  a classification  would  be  of  questionable  utility.  It  will 
be  necessary  for  us  to  possess  more  extensive  and  exact  knowledge 
concerning  the  action  of  many  of  these  substances  before  we  can 
decide  positively  which  are  poisonous  and  which  are  not.  The  effect 
of  a chemical  compound  upon  the  animal  body  depends  upon  the 
conditions  under  which,  and  the  time  during  which  it  is  administered. 
Thirty  grains  of  quinine  may  be  taken  by  a healthy  man  during 
twenty-four  hours  without  any  appreciable  ill  effect,  yet  few  of  us 
would  be  willing  to  admit  that  the  administration  of  this  amount 
daily  for  months  would  be  wise  or  altogether  free  from  injury.  In 
the  same  manner,  the  administration  of  a given  quantity  of  a bacterial 
alkaloid  to  a dog  or  a guinea-pig  in  a single  dose  may  do  no  harm, 
while  the  daily  production  of  the  same  substance  in  the  intestine  of  a 
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man  and  its  absorption,  continued  through  weeks  and  possibly  years, 
may  be  of  marked  detriment  to  the  health.  We  are  not  as  yet  in 
possession  of  sufficient  knowledge  concerning  the  physiological  or  tox- 
icological action  of  the  putrefactive  alkaloids  to  render  the  classifi- 
cation proposed  by  Brieger  worthy  of  general  adoption  ; moreover, 
the  term  “ toxin  ” is  quite  generally,  although  somewhat  incorrectly, 
employed  to  designate  those  non-basic  bacterial  poisons  for  which 
Brieger  suggested  the  name  “ toxalbumin.” 

All  ptomains  contain  nitrogen  as  an  essential  part  of  their  basic 
character.  In  this  they  resemble  the  vegetable  alkaloids.  Some  of 
them  contain  oxygen,  while  others  do  not.  The  latter  correspond 
to  the  volatile  vegetable  alkaloids,  nicotin  and  coniin,  and  the  former 
correspond  to  the  fixed  alkaloids. 

The  kind  of  ptomai'n  formed  in  a given  case  will  depend  upon  the 
individual  bacterium  engaged  in  its  production,  the  nature  of  the 
material  acted  upon,  and  the  conditions  under  which  the  bacterial 
growth  proceeds,  such  as  the  temperature,  the  amount  of  oxygen 
present,  and  the  duration  of  the  process.  For  instance,  Brieger 
found  that  although  the  Eberth  bacillus  grows  well  in  solutions  of 
pepton,  it  does  not  produce  any  ptomains ; while  the  same  bacillus 
growing  in  beef  tea  elaborates  a poisonous  alkaloid.  Fitz  found 
that  while  the  bacillus  butyricus  produces  by  its  action  on  carbohy- 
drates butyric  acid,  in  glycerin  it  forms  propylic  alcohol ; and  Morin 
has  detected  amylic  alcohol  among  the  products  of  this  germ. 
Brown  has  shown  that  while  the  mycoderma  aceti  converts  ethylic 
alcohol  into  acetic  acid,  it  changes  propylic  alcohol  into  propionic 
acid,  and  is  without  effect  upon  methylic  alcohol,  primary  isobutylic 
alcohol,  and  amylic  alcohol.  Some  bacteria  will  not  multiply  below 
a given  temperature  ; thus,  the  bacillus  butyricus  will  not  grow  be- 
low 24°. 1 

The  influence  of  the  presence  or  absence  of  certain  chemical  com- 
pounds upon  the  activity  of  unicellular  forms  of  life  has  long  been 
known  to  be  great.  Liebig  and  Knapp  observed  that  the  presence 
of  small  quantities  of  the  chlorids  of  sodium  and  potassium  intensifies 
the  action  of  yeast  in  the  decomposition  of  sugar,  and  Dubrumfaut 
made  quantitative  determinations  illustrating  the  effects  of  the  pres- 
ence of  other  salts.  He  found  that  0.5  gram  of  yeast  in  100  c.c.  of 
a 10  per  cent,  solution  of  sugar  decomposed  within  a given  time  0.5 
gram  of  sugar,  while  in  another  flask  to  which  0.5  gram  of  sodium 
acid  sulphate  had  been  added,  the  same  amount  of  yeast  decomposed 
0.52  gram  of  sugar,  and  the  same  amount  of  potassium  sulphate  in  a 
second  flask  increased  the  activity  of  the  yeast  to  0.88  gram  of  sugar, 
and  in  a third  flask  potassium  nitrate  raised  the  quantity  of  sugar  de- 
composed to  1 gram.  Pasteur  divided  bacteria  into  two  classes — the 
aerobic  and  the  anaerobic.  As  these  names  imply,  the  former  grow 

■All  temperatures  given  in  this  work  are  centigrade,  unless  otherwise  specified. 
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and  thrive  in  the  presence  of  air,  while  the  latter  find  their  condi- 
tions of  life  improved  by  the  exclusion  of  air ; therefore,  different 
products  will  be  formed  in  decomposing  matter  freely  exposed  to  the 
air,  and  in  that  which  is  buried  beneath  the  soil  or  from  which  the 
air  is  otherwise  largely  excluded.  Ignorance  of  this  fact  has  led  to 
some  serious  mistakes  in  toxicological  work,  as  we  shall  see  further  on. 

It  is  more  than  probable  that  most,  if  not  all,  ptomains  result 
from  the  cleavage  action  of  bacteria  on  the  constituents  of  the  me- 
dium in  which  they  grow,  and  it  follows  from  this  that  the  kind  of 
ptomain  found  in  a given  case  will  depend  upon  the  stage  of  the  bac- 
terial disintegration  of  the  constituents  of  the  medium.  Regarded 
as  the  results  of  cleavage  action,  ptomains  are  transition  products  in 
the  processes  of  bacterial  decomposition.  They  are  temporary  forms 
through  which  matter  passes  while  it  is  being  changed,  by  the  ac- 
tivity of  bacterial  life,  from  the  organic  to  the  inorganic  state. 
Complex  organic  substances,  as  muscle  and  brain,  are  broken  up  into 
less  complex  molecules,  and  thus  the  process  of  chemical  division 
goes  on  until  the  simple  and  well-known  final  products,  carbonic  acid 
gas,  ammonia  and  water,  result ; but  the  variety  of  combinations 
into  which  an  individual  atom  of  carbon  may  enter  during  this  long 
series  of  changes  is  almost  unlimited,  and  with  each  change  in  com- 
bination there  is  more  or  less  alteration  in  nature.  In  one  compound 
the  atom  of  carbon  may  exist  as  a constituent  of  a highly  poisonous 
substance,  while  the  next  combination  into  which  it  enters  may  be 
wholly  inert. 

It  was  formerly  supposed  that  putrefaction  was  simply  oxidation, 
but  the  researches  of  Pasteur  and  others  have  demonstrated  the  fact 
that  countless  myriads  of  microorganisms  are  engaged  constantly  in 
transforming  matter  from  the  organic  to  the  inorganic  form.  If  a bit 
of  flesh  be  locked  up  so  that  these  little  workers  cannot  reach  it,  it  will 
remain  unchanged  indefinitely.  It  may  be  asked  if  any  of  the 
changes  occurring  during  putrefaction  are  to  be  regarded  as  purely 
chemical.  Without  doubt,  many  of  the  secondary  products  of  putre- 
faction arise  from  reactions  between  antecedent  and  more  complex 
substances,  or  by  the  action  of  oxygen,  water,  and  reducing  agents 
upon  primary  products.  Ptomains  formed  in  this  way  may  be  re- 
garded as  the  indirect  results  of  bacterial  life. 

While  some  of  the  basic  substances  formed  by  bacterial  growth 
are  intensely  poisonous,  it  is  not  probable  that  any  ptomain  can  be 
regarded  as  the  most  potent  product  of  one  of  the  pathogenic  bac- 
teria. It  follows,  therefore,  that  we  must  seek  for  the  specific  poisons 
of  the  infectious  diseases  among  other  chemical  compounds  produced 
by  bacterial  growth. 

Bacterial  Proteids. — Our  knowledge  concerning  these  substances 
still  remains  quite  imperfect  and  many  difficulties  arise  in  discussing 
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them.  We  may  divide  the  bacterial  proteids  into  two  classes  : (1) 
Those  which  constitute  an  integral  part  of  the  bacterial  cells  ; and 
(2)  those  which  have  not  been  assimilated  by  the  cells,  but  which 
have  been  formed  by  the  fermentative  or  cleavage  action  of  the  bac- 
teria on  the  proteid  bodies  in  which  they  are  growing.  This  classi- 
fication, however,  is  of  questionable  value.  We  allow  bacteria  to 
grow  for  a number  of  days  in  a nutrient  solution.  We  then  sep- 
arate the  soluble  constituents  from  the  formed  cells  by  filtration 
through  porous  tiles  ; we  wash  the  latter  and  then  study  their 
proteid  contents  ; but  a considerable  proportion  of  the  contents  of  the 
living  cells  has  already  passed  into  solution,  and  the  bacterial 
detritus  left  on  the  filter  gives  no  exact  knowledge  of  the  con- 
stituents of  the  living  cells.  Moreover,  the  living  cells  absorb  and 
excrete,  and  we  are  not  yet  able  to  distinguish  with  certainty  be- 
tween those  substances  formed  within  the  cell  and  those  preexisting 
in  the  culture  medium.  The  filtrate  contains,  or  may  contain,  any 
one  or  more  of  the  following  proteid  bodies  : (1)  Those  portions  of  the 
proteid  substance  which  were  used  in  the  preparation  of  the  nutri- 
ent solution  and  which  have  escaped  the  action  of  bacteria ; (2) 
proteids  which  have  at  one  time  been  integral  parts  of  the  cells,  but 
which  have  passed  into  solution  on  the  death  and  dissolution  of  the 
bacteria ; and,  (3)  proteids  which  have  been  formed  by  the  fermentative 
action  of  the  bacteria,  or  those  which  are  defined  as  constituting  the 
second  class,  as  given  above.  Attempts  are  now  being  made  (1901), 
by  growing  bacteria  on  solid  culture  media  extensively  to  distinguish 
with  certainty  the  proteid  constituents  of  the  cell  from  those  of  the 
culture  medium  ; but  at  the  present  writing  this  work  has  not  pro- 
gressed sufficiently  for  us  to  make  any  positive  statements  concern- 
ing its  results. 

It  is  now  quite  certain  that  none  of  the  proteids  formed  by  the 
cleavage  action  of  bacteria  on  the  normal  constituents  of  culture 
media,  or  on  those  of  the  animal  body,  are  specific  factors  in  the 
production  of  disease.  It  is  true  that  many  bacteria  peptonize  pro- 
teids and  the  specific  poisons  of  certain  infectious  diseases  have  been 
sought  for  among  the  peptons  ; but  there  is  no  evidence  that  these 
are  more  poisonous  than  those  formed  by  the  gastric  juice.  The 
specific  bacterial  poisons  are  formed  by  synthetical  rather  than  by 
analytical  processes  and  they  are  constituents  of  the  protoplasm  en- 
closed in  the  cell  wall. 

The  Bacterial  Cellular  Proteids. — Nencki  was  the  first  to  at- 
tempt to  study  the  chemistry  of  the  bacterial  cell.  His  experiments 
were  made  with  putrefactive  bacteria,  which  were  obtained  by  de- 
cantation of  liquid  cultures,  freed  from  fat  with  ether,  dissolved  in 
50  parts  of  a potash  solution  of  0.5  per  cent.,  heated  for  some  hours 
at  100°  and  filtered.  The  filtrate  was  acidified  with  dilute  hydro- 
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chloric  acid  and  precipitated  by  the  addition  of  rock  salt,  after  which 
the  precipitate  was  washed  with  saturated  salt  solution,  dried  at  100°, 
and  freed  from  salt  by  washing  with  water.  Nencki  designates  this 
substance  as  “ mycoprotein,”  and  finds  that  it  has  the  formula 
C^H^NgO.,.  Freshly  prepared  mycoprotein  forms  amorphous  flakes, 
which  are  soluble  in  water,  alkalis  and  acids.  The  aqueous  solu- 
tion is  acid  in  reaction.  After  being  dried  at  100°  it  is  no  longer 
wholly  soluble  in  water.  Nencki  found  that  it  is  not  precipitated 
from  aqueous  solution  by  alcohol,  but  by  picric  acid,  tannic  acid  and 
mercuric  chlorid ; that  it  does  not  give  the  xanthoproteic,  but  does 
give  the  Millon  and  the  biuret  reactions.  According  to  Schaffer,  it 
is  changed  by  acids  into  peptons,  and  on  being  fused  with  five  parts 
of  potash  it  breaks  up  into  ammonia,  amylamin,  phenol  (0.15  per  cent, 
of  its  weight),  valerianic  acid  (38  per  cent.),  leucin  and  traces  of 
indol  and  skatol.  A proteid  obtained  from  the  yeast  plant  has  the 
formula  C12H21N303.  It  should  be  understood  that  these  formulse 
are  of  but  little  value  inasmuch  as  chemically  pure  bodies  were  not 
secured. 

The  pyogenetic  substance  obtained  from  the  pneumonia  bacillus 
of  Friedlander  was  found  by  Buchner  to  give  the  following  reac- 
tions: It  is  soluble  in  water  and  the  concentrated  mineral  acids, 
very  soluble  in  dilute  alkalis,  from  which  it  is  precipitated  on 
the  addition  of  an  acid.  From  its  aqueous  solution  it  is  not  pre- 
cipitated by  heat,  nor  by  saturation  with  sodium  chlorid,  but  is  pre- 
cipitated by  magnesium  sulphate,  copper  sulphate,  platinum  chlorid, 
gold  chlorid,  lead  salts,  picric  acid,  tannic  acid,  and  absolute  alcohol. 
It  gives  the  xanthoproteic,  Millon  and  biuret  reactions. 

In  old  bouillon  cultures,  the  dead,  disintegrated  bodies  of  the 
bacteria  form  a sediment.  It  is  not  at  all  probable  that  an  analysis 
of  this  sediment  represents  fairly  the  constituents  of  the  living  germs. 
During  the  disintegration  certain  constituents  of  the  cell  pass  into 
solution,  and  these  soluble  substances  are  probably  the  most  impor- 
tant parts  of  the  bacterial  cells,  so  far  as  they  are  concerned  in  the 
causation  of  disease.  Similar  processes  undoubtedly  occur  in  the 
body  of  an  animal  infected  with  a pathogenic  organism  and  it  is 
generally  believed  that  these  soluble  substances  cause  the  symptoms 
of  the  disease  and  death. 

Toxins. — When  it  became  known  that  some  of  the  specific  patho- 
genic germs  elaborate  both  in  artificial  cultures  and  in  susceptible 
animals  poisonous  basic  substances  or  ptomains,  it  was  surmised  that 
the  symptoms  of  the  disease  induced  by  the  microorganisms  were 
due,  in  all  cases,  to  specific  basic  poisons,  and  chemists  labored  dili- 
gently to  isolate  from  cultures  of  each  germ  its  specific  toxic  products. 
These  labors  soon  led  to  the  recognition  of  the  fact  that  the  above- 
mentioned  surmise  had  been  hastily  drawn.  It  was  found  to  be  true 
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that  the  symptoms  of  each  and  every  individual  disease  investigated 
are  due  to  the  chemical  products  elaborated  by  the  activity  of  the 
germ,  but  these  chemical  products  are  not,  in  the  majority  of  these 
diseases,  basic  in  character,  and  consequently  they  cannot  be  classed 
among  the  ptomains.  Brieger  succeeded  "in  isolating  from  pure 
cultures  of  the  tetanus  bacillus  as  many  as  four  ptomains,  but  the 
poisonous  effects  induced  by  these  substances  are  not  comparable  in 
violence  with  those  which  follow  injection  of  tetanus  cultures  from 
which  the  bacillus  has  been  removed  by  filtration.  The  fact  that  the 
filtered  culture  is  more  poisonous  than  any  or  all  of  its  basic  contents 
necessitates  the  conclusion  that  the  culture  contains  some  more  active 
constituent. 

What  is  the  nature  of  the  powerful  poisons  that  are  formed  in 
cultures  of  the  bacteria  of  tetanus,  diphtheria,  tuberculosis,  typhoid 
fever,  anthrax,  and  other  infectious  diseases,  and  which  are  also 
formed  in  the  bodies  of  animals  infected  with  these  microorganisms? 
At  present  no  positive  and  satisfactory  answer  can  be  made  to  this 
question.  At  one  time  Roux  and  Yersin  thought  that  it  might  be  a 
ferment,  and  Brieger  and  Fraenkel  advanced  the  belief  that  the  diph- 
theria poison  is  an  albuminous  body;  however,  there  are  weighty 
objections  to  each  of  these  theories,  and  up  to  the  present  time  all 
attempts  to  isolate  the  specific  toxins  have  proved  unsuccessful.  In 
1891  Freer  made  an  ultimate  analysis  of  a toxin  obtained  by 
Vaughan  from  a toxicogenic  germ  found  in  drinking  water,  and 
obtained  the  following  results : Carbon,  48.46  per  cent. ; hydrogen, 
7.69  per  cent.  ; nitrogen,  13.44  per  cent.  ; phosphorus,  0.69  per 
cent.  Sulphur  was  absent.  The  absence  of  sulphur  and  the  very 
small  per  cent,  of  phosphorus  were  supposed  at  that  time  to  indicate 
that  the  toxin  was  nearly  pure.  In  1893,  Brieger  and  Cohn  found 
that  the  tetanus  toxin,  in  the  purest  form  in  which  they  could  obtain 
it,  contained  no  phosphorus,  and  only  unweighable  traces  of  sulphur, 
and  they  attributed  the  presence  of  the  latter  element  to  contamina- 
tion with  ammonium  sulphate,  which  was  used  in  precipitation. 
Later  (1895),  Brieger  made  an  ultimate  analysis  of  the  tetanus  toxin, 
so  far  purified  that  0.000,000,05  gram  killed  mice,  with  the  following 
results  : Carbon,  52.8  per  cent.  ; hydrogen,  8.1  per  cent. ; nitrogen, 
15.71  per  cent.  This  purified  toxin  is  not  precipitated  by  ammonium 
sulphate,  and  it  gives  the  biuret  reaction  so  imperfectly  that  Brieger 
felt  justified  in  saying  that  the  coloration  is  not  due  to  the  toxin,  but 
to  proteid  impurities. 

Uschinsky  has  made  an  important  contribution  to  our  knowledge 
of  the  toxins,  inasmuch  as  he  has  demonstrated  that  these  substances 
are  not  split  products,  formed  by  the  action  of  bacteria  on  proteids 
preexisting  in  the  culture  media,  but  are  synthetical  products,  and 
are  formed  when  the  germs  are  grown  in  culture  media  containing 
no  proteids.  He  succeeded  in  growing  a number  of  pathogenic 
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microorganisms,  including  those  of  cholera,  diphtheria,  tetanus  and 
typhoid  fever,  in  the  following  menstruum  : 


Water, 

Glycerin, 

Sodium  chlorid, 

Calcium  chlorid, 
Magnesium  sulphate, 
Di-potassium  phosphate, 
Ammonium  lactate, 
Sodium  asparginate, 


1,000  parts. 
30-40  “ 

5- 7  “ 

0.1  part. 

0.2-0. 4 “ 

2—2.5  parts. 

6- 7  “ 

3.4  “ 


From  these  cultures  he  obtained  toxins  which  were  not  less  virulent 
than  those  formed  in  ordinary  beef-tea,  and  thus  demonstrated  that 
their  production  is  due  to  synthetical  processes. 

Ehrlich,1  as  the  result  of  a long  series  of  experiments  made  upon 
animals  with  toxins  and  antitoxins,  has  formulated  the  following 
conclusions  concerning  the  constitution  of  the  diphtheria  toxin  : 

1.  The  diphtheria  bacillus  produces  two  kinds  of  substances  : (a) 
toxins,  (6)  toxons,  both  of  which  combine  with  anti-bodies.  In  fresh 
bouillon  cultures  toxins  and  toxons  exist  in  the  same  proportions. 

2.  The  toxins  (and  also  the  toxons)  are  not  simple  bodies,  but 
easily  split  up  into  other  substances  which  differ  from  one  another 
in  the  avidity  with  which  they  combine  with  antitoxins.  Among 
these  derivatives  there  are  found  prototoxins,  deuterotoxins  and 
tritotoxins,  which  are  here  mentioned  in  the  order  of  the  readiness 
with  which  they  combine  with  antitoxins,  the  tritotoxins  combining 
least  readily,  but  all  of  these  combine  with  antitoxins  more  readily 
than  do  the  toxons. 

3.  The  complication  does  not  stop  with  this  division,  but  it  is 
probable  that  every  toxin  consists  of  equal  parts  of  two  modifica- 
tions, which  behave  with  antitoxins  in  the  same  manner,  but  which 
differ  in  their  resistance  to  destructive  influences ; probably  this 
difference  is  comparable  to  that  existing  between  dextro-rotatory  and 
levo-rotatory  forms  of  the  same  compound. 

4.  Of  these  two  modifications,  one,  which  may  be  designated  as 
the  a-modification,  readily  passes  into  a toxoid.  Indeed,  this  trans- 
formation begins  and  frequently  reaches  completion  in  the  culture 
medium  in  the  incubator.  The  complete  conversion  of  the  a-modi- 
fication  into  a toxoid  leaves  the  substance  with  only  half  of  its 
original  toxicity,  and  it  may  therefore  be  called  a hemitoxin. 

5.  The  second  modification,  which  is  designated  as  the  /3-modifica- 
tion, varies  in  stability  in  the  different  kinds  of  poisons,  the  proto- 
toxins, the  deuterotoxins  and  the  tritotoxins.  The  /3-tritotoxin  is 
relatively  unstable  and  often  undergoes  decomposition  in  the  incu- 

1 Deutsche  med.  Wochemchrift,  September  22,  1898. 
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bator.  The  /9-prototoxin  is  much  more  stable,  but  gradually  de- 
composes and  is  converted  into  a toxoid  when  the  culture  is  kept 
for  several  months.  The  ^-modification  of  the  deuterotoxin  is  under 
certain  conditions  quite  stable.  These  facts  explain  the  observation, 
previously  reported,  that  old  cultures  of  diphtheria  gradually  de- 
crease in  toxicity  until  a certain  minimum  degree  is  reached,  after 
which  there  is  no  further  decrease. 

6.  Avidity  for  combining  with  antitoxins  does  not  suffer  the 
least  change  on  the  conversion  of  a toxin  into  a toxoid  ; for  instance, 
the  toxoid  of  prototoxin  combiues  with  antitoxin  as  readily  as  does 
the  prototoxin  itself. 

7.  Those  varieties  of  poisons  which  combine  less  vigorously  with 
antitoxins  are  neutralized  by  the  same  reagent  less  promptly ; this 
explains  the  observation  that  certain  poisons  of  the  tetanus  series 
(tetanolysin  and  tetanospasmin)  are  neutralized  promptly  by  anti- 
toxin only  in  concentrated  solution. 

8.  The  facts  observed  in  the  experiments  made  upon  animals  with 
toxins  and  antitoxins  are  best  explained  on  the  supposition  that  the 
toxic  molecule  contains  two  independent  groups  of  atoms,  one  of 
which  may  be  designated  as  the  haptophorous  and  the  other  as  the 
toxophorous  group.  It  is  by  the  action  of  the  haptophorous  group 
that  compounds  are  formed  with  antitoxins,  while  the  poisonous 
action  is  due  to  the  toxophorous  group.  The  toxons  also  possess 
these  two  groups  and  in  these  bodies  the  haptophorous  groups  are 
identical  with  those  of  the  toxins,  while  the  toxophorous  groups  are 
much  more  feeble  in  their  effects. 

9.  The  effects  of  the  haptophorous  and  the  toxophorous  groups  can 
in  certain  cases  be  experimentally  distinguished ; for  instance,  Mor- 
genroth  found  that  when  frogs  were  kept  in  the  cold  and  successively 
injected  with  toxin  and  antitoxin,  these  animals  showed  no  evidences 
of  the  disease,  although  the  tetanus  poison  could  be  detected  in  their 
nerves.  On  the  other  hand,  when  frogs  were  treated  at  like  inter- 
vals with  toxin  and  antitoxin  and  kept  in  an  incubator,  they  suc- 
cumbed to  tetanus  even  when  all  of  the  poison  in  the  blood  was  com- 
bined with  antitoxin  and  an  excess  of  the  latter  was  present.  This 
indicates  that  the  haptophorous  group  combined  with  the  cells  in  the 
cold,  while  the  toxophorous  group  manifested  its  effects  only  when 
the  animal  was  kept  in  a warm  place.  The  difference  in  time 
required  for  the  action  of  these  two  groups  possibly  explains  the  in- 
cubation period  which  is  observed  in  all  cases  of  poisoning  with  bac- 
terial toxins  ; for  Donitz  has  shown  that  the  tetanus  poison  com- 
bines almost  instantaneously  with  the  nerve  cells. 

10.  The  toxophorous  group  is  more  complicated  in  structure  and 
therefore  less  stable  than  the  haptophorous.  The  relative  lability 
of  the  toxophorous  group  and  the  stability  of  the  haptophorous  group 
explain  the  quantitative  conversion  of  toxins  into  toxoids.  In  a 
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structure  so  complicated  it  is  easy  to  conceive  of  an  asymmetrical 
atomic  arrangement  of  the  toxophorous  complex,  and  this  is  more 
easily  comprehensible  on  the  assumption  of  the  existence  of  the  two 
modifications  (a  and  /9)  in  the  same  amounts. 

11.  The  haptophorous  group,  which  under  ordinary  conditions  is 
quite  stable,  can  be  broken  down  by  the  action  of  strong  chemicals 
and  certain  physical  agents  (heat,  iodin,  etc.). 

12.  The  anti-bodies  combine  exclusively  with  the  haptophorous 
group  and  thus  absorb  the  toxic  molecule,  so  protecting  the  organism. 
In  this  way  the  poison  may  be  rendered  harmless  without  destruction 
of  the  toxophorous  complex. 

13.  It  follows  from  what  has  been  said  that  specific  antitoxins  can 
be  produced  not  only  with  toxins,  but  also  with  toxoids ; indeed, 
highly  susceptible  auimals  (mice  and  guinea-pigs),  can  be  immunized 
against  the  tetanus  toxin  safely  and  easily  by  means  of  toxoids.  It  is 
probable  that  in  this  case  the  degree  of  immunity  cannot  be  made 
so  great  as  is  desirable  in  the  preparation  of  a curative  serum.  How- 
ever, it  is  possible  that  immunization  with  toxoids  can  be  used  di- 
rectly for  curative  purposes,  inasmuch  as  by  this  means  an  active 
immunity  may  be  brought  into  existence. 

14.  In  natural  immunity,  also  in  that  form  which  is  induced  by 
the  bacterium  itself  and  not  by  the  bacterial  poison,  the  toxons  prob- 
ably play  a very  important  role ; while  the  toxoids  do  not  exist  in 
these  cases  since  they  result  only  from  the  decomposition  of  toxins. 
It  is  also  probable  that  the  artificial  immunity  which  may  be  induced 
by  the  simultaneous  employment  of  an  antitoxic  serum  and  living 
bacteria  (as  in  rinderpest  and  swine  erysipelas),  and  which  is  quite 
lasting  and  is  produced  without  marked  disturbances  of  health,  is  in 
great  part  due  to  the  action  of  toxons. 

As  has  already  been  stated,  the  above-mentioned  theory  concern- 
ing the  constitution  of  toxins  is  founded  upon  experimental  studies 
of  the  action  of  toxins  and  antitoxins  in  the  animal  body,  and  does 
not  rest  upon  chemical  experimentation  ; indeed,  Ehrlich  expresses 
the  opinion  that  many  decades  must  pass  before  we  shall  be  able  to 
isolate  the  toxin  chemically.  We  shall  have  opportunity  later  on  in 
our  studies  of  toxins,  antitoxins  and  immunity,  to  return  to  Ehrlich’s 
theory.1 


'See  Chapter  VII. 


CHAPTER  III. 

A HISTORICAL  SKETCH  OF  THE  BACTERIAL  POISONS. 


The  history  of  man’s  experiments  with,  and  his  investigations  of, 
the  bacterial  poisons  quite  naturally  divides  itself  into  three  periods. 
During  the  first  period  man  was  ignorant  of  the  existence  of  bacteria 
and  of  the  r6le  that  they  play  in  processes  of  putrefaction,  as  well 
as  in  the  causation  of  disease,  and  in  his  experiments  he  did  not  al- 
ways adopt  measures  which  are  necessary  for  the  destruction  of  liv- 
ing microorganisms ; consequently  the  results  obtained  were  in  6ome 
instances  due  wholly  to  infection,  in  others  to  bacterial  chemical 
poisons,  while  iu  still  others  both  the  toxin  and  the  bacterium  prob- 
ably had  some  influence  in  causing  the  phenomena  which  he  ob- 
served. In  the  second  period  man  recognized  the  existence  of  bac- 
teria and  made  his  experiments  with  sterilized  products.  But  he 
had  not  at  that  time  secured  the  information  necessary  to  enable  him 
to  isolate  and  classify  the  microorganisms  ; therefore,  the  toxins  with 
which  he  worked  resulted,  as  a rule,  at  least,  from  the  growth  of 
mixed  cultures  of  germs,  the  characteristics  of  which  he  did  not 
know.  Indeed,  most  of  the  experiments  of  the  time  were  made 
with  sterilized  substances  obtained  from  putrefying  material.  The 
third  period  was  reached  when  the  experimenter  worked  with  pure 
cultures  and  for  the  first  time  was  able  to  proceed  scientifically  in 
his  investigations. 

It  must  have  been  known  to  primitive  man  that  the  eating  of 
putrid  flesh  was  liable  to  be  followed  by  more  or  less  harmful  effects, 
and  when  he  began  his  endeavors  to  preserve  his  food  for  future 
use,  instances  of  poisoning  from  putrefaction  must  have  multiplied. 
However,  the  distinguished  physiologist,  Albert  von  Haller,  seems 
to  have  been  the  first  to  make  any  scientific  experiments  concerning 
the  action  of  putrid  material  upon  animals.  He  injected  aqueous 
extracts  of  decomposing  flesh  into  the  veins  of  various  animals  and 
found  that  death  frequently  resulted.  Later  in  the  eighteenth  century, 
Morand  gave  an  account  of  the  symptoms  induced  in  man  by  eating 
putrid  meat.  In  the  early  part  of  the  nineteenth  century  (1808-1814) 
Gaspard  carried  on  similar  experiments.  His  studies  were  made 
with  the  putrefied  flesh  of  both  carnivorous  and  herbivorous  animals. 
With  these  he  induced  marked  nervous  disturbances,  as  stiffness  of 
the  limbs,  opisthotonos  and  tetanus,  and  he  concluded  from  the 
symptoms  thus  induced  that  the  poisonous  effects  were  not  due  to 
carbonic  acid  gas  or  hydrogen  sulphid,  but  thought  it  possible  that 
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ammonia  might  have  part  in  their  production.  In  1820,  Kerner 
published  his  first  essay  on  poisonous  sausage,  and  this  was  followed 
by  a second  in  1822.  At  that  time  he  thought  that  the  untoward 
symptoms  induced  by  eating  poisonous  sausage  were  due  to  a fatty 
acid,  similar  to  the  sebacic  acid  of  Thenard,  and  which  originated 
during  putrefaction  ; later,  he  modified  these  views  and  suggested 
that  the  poison  might  be  a compound  consisting  of  sebacic  acid  and 
a volatile  principle.  This  may  be  regarded  as  the  first  suggestion  as 
to  the  probability  of  a poisonous  substance  with  basic  properties  in 
decomposing  matter.  In  1822  Dupr6  observed  a peculiar  disease 
among  the  soldiers  under  his  care,  who,  during  the  warm  and  dry 
summer  of  that  year,  were  compelled  to  drink  foul  water ; the  dis- 
ease thus  induced  was  probably  due  to  infection  rather  than  to  in- 
toxication. Later,  Magendie,  stimulated  by  the  investigations  of 
Gaspard  and  the  observations  of  Dupr§,  made  many  experiments, 
in  which  dogs  and  other  animals  were  confined  over  vessels  contain- 
ing putrid  animal  matter  and  compelled  constantly  to  breathe  the 
emanations  therefrom.  The  effects  varied  markedly  with  the  species 
of  animal  and  the  nature  of  the  putrid  material,  but  in  some  in- 
stances symptoms  closely  resembling  those  of  typhoid  fever  in  man 
were  induced.  It  might  be  suggested  here  parenthetically  that  a 
repetition  of  the  experiments  of  Magendie,  with  such  precautions 
as  modern  methods  would  suggest,  would  not  be  without  value. 
Leuret  directed  his  attention  to  the  chemical  changes  produced  in 
blood  by  putrefaction,  but  accomplished  nothing  of  special  value. 
Dupuy  injected  putrid  material  into  the  jugular  vein  of  a horse  and 
with  Trousseau  studied  alterations  produced  in  the  blood  by  these 
injections. 

During  the  third  decade  of  the  nineteenth  century  there  were  many 
investigators,  in  addition  to  those  mentioned  above,  who  endeavored 
to  ascertain  the  active  agent  in  poisonous  foods.  Dann,  Weiss,  Buch- 
ner, Schumann,  Cadet  de  Gassicourt,  and  Orfila  studied  poisonous 
sausage,  but  made  no  advance  beyond  the  work  done  by  Kerner. 
Henneman,  Hiinnefeld,  Westrumb,  and  Serturner  (the  discoverer  of 
morphin)  made  contributions  concerning  poisonous  cheese,  but  all 
reached  the  conclusion  that  the  caseic  acid  of  Kerner  is  the  poison- 
ous principle. 

In  1850,  Schmidt,  of  Dorpat,  studied  the  decomposition  products 
and  volatile  substances  found  in  cholera  stools,  and  two  years  later, 
Meyer,  of  Berlin,  injected  the  blood  and  stools  of  cholera  patients 
into  lower  animals.  In  1853,  Stich  made  an  important  contribution 
on  the  effects  of  acute  poisoning  with  putrid  material ; he  ascertained 
that,  when  given  in  sufficient  quantity,  putrid  material  produced  an 
intestinal  catarrh,  with  choleraic  stools.  Nervous  symptoms,  tremb- 
ling, unsteady  gait,  and,  finally,  convulsions,  were  also  observed,  and 
careful  post-mortem  examinations  were  made,  but  no  important  or 
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characteristic  lesions  were  found.  He  concluded  that  the  putrid 
material  contained  a ferment  which  induced  rapid  decomposition  of 
the  blood. 

The  distinguished  Danish  physiologist,  Panum,  was  the  first  to 
demonstrate  positively  the  chemical  character  of  the  poison  formed 
in  putrid  flesh,  inasmuch  as  he  showed  that  the  aqueous  extract  of 
such  material  retained  its  poisonous  properties  after  treatment  which 
insured  the  destruction  of  all  living  organisms.  Panum’s  first  paper 
was  published  in  1856  and  his  conclusions  are  stated  as  follows  : 

1.  “The  putrid  poison  contained  in  the  decomposed  flesh  of  the 
dog,  and  w'hich  is  obtained  by  extraction  with  distilled  water  and 
repeated  filtration,  is  not  volatile,  but  fixed.  It  does  not  pass  over 
ou  distillation,  but  remains  in  the  retort. 

2.  “ The  putrid  poison  is  not  destroyed  by  boiling,  nor  by  evapora- 
tion. It  preserves  its  poisonous  properties  even  after  the  boiling  has 
been  continued  for  eleven  hours,  and  after  the  evaporation  has  been 
carried  to  complete  desiccation  at  100°. 

3.  “ The  putrid  poison  is  insoluble  in  absolute  alcohol,  but  is  solu- 
ble in  water,  and  is  contained  in  the  aqueous  extract  which  is  formed 
by  treating  with  distilled  water  the  putrid  material  which  has  been 
previously  dried  by  heat  and  washed  with  alcohol. 

4.  “ The  albuminoid  substances  which  frequently  are  found  in 
putrid  fluids  are  not  in  themselves  poisonous,  only  so  far  as  they 
contain  the  putrid  poison  fixed  and  condensed  upon  their  surfaces, 
from  which  it  can  be  removed  by  repeated  and  careful  washing. 

5.  “ The  intensity  of  the  putrid  poison  is  comparable  to  that  of 
the  venom  of  serpents,  of  curare,  and  of  certain  vegetable  alkaloids, 
inasmuch  as  0.012  of  a gram  of  the  poison,  obtained  by  extracting 
with  distilled  water  putrid  material  which  had  been  previously  boiled 
for  a long  time,  dried  at  100°,  and  submitted  to  the  action  of  ab- 
solute alcohol,  was  sufficient  to  almost  kill  a small  dog.” 

Panum  made  intravenous  injections  with  this  substance,  and  with 
ammonium  carbonate,  ammonium  butyrate,  ammonium  valerianate, 
tyrosin,  and  leucin,  and  found  that  the  symptoms  induced  by  the 
putrid  poison  differed  from  those  caused  by  the  other  agents.  More- 
over, he  found  the  symptoms  induced  by  the  poison  to  differ  from 
those  of  typhoid  fever,  cholera,  pyemia,  anthrax,  and  sausage  poison- 
ing. He  was  in  doubt  whether  the  poison  acted  directly  upon  the 
nervous  system  or  as  a ferment  upon  the  blood,  causing  decomposi- 
tion, the  products  of  which  might  affect  the  nervous  centers ; but  he 
was  sure  that  his  new  substance  did  not  correspond  to  the  ordinary 
ferments,  inasmuch  as  it  was  not  decomposed  by  prolonged  boiling 
nor  by  treatment  with  absolute  alcohol.  Certainly,  Panum’ s putrid 
poison  did  not  consist  of  living  organisms. 

The  symptoms  observed  by  Panum  varied  greatly  with  the 
quantity  of  the  poison  used  and  the  resistance  of  the  animal  experi- 
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merited  upon.  After  the  intravenous  injection  of  large  doses,  death 
followed  speedily.  In  these  cases,  there  were  violent  cramps  and 
involuntary  evacuations  of  the  urine  and  feces ; the  respirations 
were  labored  ; pallor  was  marked,  sometimes  followed  by  cyanosis  ; 
the  pulse  was  feeble;  the  pupils  were  widely  dilated,  and  the  eyes 
projected.  Autopsy  did  not  reveal  any  lesion,  save  that  the  blood 
was  dark  and  imperfectly  coagulated,  and  slightly  disseminated 
through  the  tissues.  Post-mortem  putrefaction  came  on  with  extra- 
ordinary rapidity. 

When  smaller  doses  or  more  vigorous  animals  were  used,  the 
symptoms  did  not  appear  before  from  a quarter  of  an  hour  to  two 
hours,  sometimes  even  later,  and  were  not  violent,  generally  termi- 
nating in  recovery. 

In  addition  to  the  “ putrid  poison,”  Panum  obtained  a narcotic 
substance,  the  two  being  separated  by  the  solubility  of  the  latter  in 
alcohol.  The  alcoholic  extract  was  evaporated  to  dryness,  the 
residue  dissolved  in  water  and  injected  into  the  jugular  vein  of  a 
dog.  The  animal  fell  into  a deep  sleep,  which  remained  unbroken 
for  twenty-four  hours,  when  it  awoke  apparently  in  perfect  health. 
This  account  of  the  finding  of  a narcotic  substance  in  putrefying 
flesh  is  rendered  more  interesting  by  the  later  researches  of  Bouchard, 
who  has  ghown  that  normal  urine  contains  a body  of  like  action, 
and  this  also  can  be  extracted  with  alcohol  from  the  residue  obtained 
by  evaporation. 

Weber,  in  1864,  and  Hemmer  and  Schwenninger,  in  1866,  con- 
firmed the  results  obtained  by  Panum,  and  Schwenninger  announced 
that  different  products  are  formed  in  the  various  stages  of  putrefac- 
tion and  that  these  are  unlike  in  their  effects  upon  animals.  In  1866, 
Bence  Jones  and  Dupr6  obtained  from  the  liver  a substance  which 
in  solutions  of  dilute  sulphuric  acid  gave  the  blue  fluorescence  ob- 
served in  similar  solutions  of  quinin  and  to  which  they  gave  the 
name  “ animal  chinoidin.”  Subsequently,  the  same  investigators 
found  this  substance  in  all  organs  and  tissues  of  the  body,  but  most 
abundantly  in  the  nerves.  These  observations  have  been  confirmed 
by  others,  and  solutions  showing  this  fluorescence  give  precipitates 
with  the  general  alkaloidal  reagents,  but  no  one  has  as  yet  succeeded 
in  isolating  the  basic  substance  supposed  to  be  present.  Indeed,  it 
is  not  positively  known  that  the  body  to  which  this  reaction  is  due 
is  a bacterial  product,  although  this  is  the  most  likely  assumption. 
It  has  been  suggested  that  its  presence  might  be  due  to  the  growth 
of  certain  fluorescing  bacteria. 

In  1868,  Bergmann  and  Schmiedeberg  reported  that  they  had 
obtained  from  putrid  yeast  and  from  decomposed  blood  a poisonous 
substance  in  the  form  of  a sulphate  to  which  they  gave  the  name 
“sepsin.”  According  to  these  observers  the  sulphate  of  “sepsin” 
forms  in  needle-shaped  crystals,  and  small  doses  (0.01  gram),  dis- 
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solved  in  water  and  injected  intravenously  into  dogs,  cause  vomiting 
and  bloody  diarrhoea;  while  post-morteni  examination  shows  ecchy- 
moses  in  the  stomach  and  intestines.  It  was  then  believed  that  the 
“ putrid  poison  ” of  Panum  had  been  isolated,  and  that  it  was  iden- 
tical with  “ sepsin.”  However,  further  investigations  showed  that 
this  was  not  true,  and  it  is  by  no  means  certain  that  the  poisonous 
effects  obtained  by  Bergmann  and  Schmiedeberg  were  due  to  the 
crystals  seen  by  them  in  their  preparation,  inasmuch  as  these  crystals 
were  never  completely  isolated. 

Recently  Bevy,  working  under  Schmiedeberg’s  directions,  has 
made  further  study  of  putrid  yeast,  in  which  he  found  bacilli  re- 
sembling those  of  mouse  septicemia  and  the  proteus  vulgaris.  Dogs 
were  treated  with  intravenous  injections  of  liquefied  gelatin  cultures 
of  the  proteus,  and  symptoms  similar  to  those  formerly  attributed  to 
“ sepsin  ” followed.  The  cultures  were  precipitated  with  absolute 
alcohol,  and  the  resulting  albuminous  precipitate  caused  the  same 
symptoms  as  the  cultures  in  mice,  rabbits  and  dogs.  Levy  also  in- 
vestigated cases  of  meat  poisoning  due  to  infection  with  the  proteus. 
The  keeper  of  a restaurant  and  some  of  his  guests  suffered  from  a 
most  violent  purging,  which  in  the  case  of  the  host  terminated 
fatally.  In  the  vomited  matter,  in  the  stools,  and  in  the  bottom  of 
the  ice-box  in  which  the  meat  was  kept,  the  proteus  was  found,  and 
cultures  of  it  produced  the  symptoms  of  sepsin  poisoning  in  animals. 
Levy  concludes  that  the  proteus  is  the  generator  of  sepsin.  If  this 
conclusion  be  correct,  it  follows  that  the  effects  observed  by  Berg- 
mann and  Schmiedeberg  were  not  due  to  the  crystals  obtained  by 
them,  but  to  other  substances  from  which  the  crystals  had  not  been 
separated. 

In  1869  Ziilzer  and  Sonnenschein  obtained  from  decomposing 
meat  extracts  a nitrogenous  base  which,  both  in  its  chemical  reac- 
tions and  physiological  effects,  resembles  atropin  and  hyoscyamin. 
When  injected  under  the  skin  of  animals  this  substance  produces 
dilatation  of  the  pupils,  paralysis  of  the  muscles  of  the  intestines,  and 
acceleration  of  the  heart  beat ; but  its  action  is  uncertain  and  incon- 
stant. A similar  substance  has  been  obtained  from  the  bodies  of 
those  who  have  died  from  typhoid  fever,  and  it  is  possible  that  the 
belladonna-like  delirium  which  frequently  characterizes  the  later 
stage  of  this  disease  is  due  to  the  ante-mortem  generation  of  this  or  a 
similar  poison  within  the  body. 

During  the  eighth  decade  of  the  nineteenth  century  certain  toxi- 
cologists became  interested  in  the  alkaloidal  reactions  obtained  some- 
times in  putrefying  tissue.  The  most  prominent  of  these  was  the 
Italian,  Selmi,  who  suggested  the  name  “ ptomai'n,”  and  whose  re- 
searches furnished  us  with  valuable  information,  and,  what  is  prob- 
ably of  more  importance,  gave  an  impetus  to  the  study  of  the 
chemistry  of  putrefactive  changes,  which  has  been  productive  of 
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much  good.  Selrni  showed  that  ptomai'ns  could  be  obtained  (1) 
by  extracting  acidified  solutions  of  putrid  material  with  ether ; (2) 
by  extracting  alkaline  solutions  with  ether  ; (3)  by  extracting  alka- 
line solutions  with  chloroform  ; (4)  by  extracting  alkaline  solutions 
with  amylic  alcohol ; and  (5),  that  there  yet  remain  in  the  solutions 
of  putrid  matter  ptomai'ns  that  are  not  extracted  by  any  of  the  above- 
mentioned  reagents.  In  this  way  lie  gave  some  idea  of  the  great 
number  of  alkaloidal  bodies  which  might  be  formed  among  the 
products  of  putrefaction,  and  the  promising  field  thus  discovered  and 
outlined  was  soon  occupied  by  a busy  host  of  chemists.  In  the  sec- 
ond place,  he  demonstrated  the  fact  that  many  of  the  ptomai'ns  give 
reactions  similar  to  those  observed  with  the  vegetable  alkaloids. 
This  led  the  toxicologist  into  investigations,  the  results  of  some  ot 
which  we  will  ascertain  further  on.  Selrni  did  not  succeed  in  iso- 
lating any  putrefactive  alkaloid,  and  all  his  physiological  experiments 
and  chemical  reactions  were  made  with  extracts.  He  remained 
ignorant,  except  in  a general  way,  of  the  composition  of  these  bodies. 
Nencki,  in  1876,  made  the  first  ultimate  analysis  and  determined  the 
first  formula  of  a ptomain ; this  was  an  isomer  of  collidin,  which 
will  be  described  later. 

Rorsch  and  Fassbender,  in  a case  of  suspected  poisoning,  obtained 
a liquid  which  could  be  extracted  from  acid  as  well  as  alkaline  solu- 
tions by  ether,  and  which  gave  all  the  general  alkaloidal  reactions ; 
but  they  were  unable  to  crystallize  and  isolate  it.  They  believed  that 
this  substance  was  derived  from  the  liver,  since  fresh  ox  liver  treated 
in  the  same  manner  gave  them  an  alkaloid  which  could  be  extracted 
from  ether  as  well  as  from  acid  or  alkaline  solution.  In  some  of  its 
reactions  this  substance  resembles  digitalin.  Gunning  found  a sim- 
ilar body  in  liver  sausage  from  which  poisoning  had  occurred. 

Schwanert,  while  examining  the  decomposing  intestines,  liver  and 
spleen  of  a child  that  had  died  suddenly,  perceived  a peculiar  odor 
and  obtained  by  the  Stas-Otto  method  (ether  extract  from  alkaline 
solution)  small  quantities  of  a base  which  was  distinguished  from 
nicotin  and  conii'n  by  its  greater  volatility  and  its  odor*  He  sup- 
posed that  this  substance  was  produced  by  decomposition,  and  in 
order  to  ascertain  the  truth  of  this  supposition,  he  took  the  organs 
of  a cadaver  that  had  lain  for  sixteen  days  at  a temperature  of  30° 
and  was  well  decomposed.  These  were  treated  with  tartaric  acid  and 
alcohol,  and  the  acid  solution  was  first  extracted  with  ether  but 
yielded  no  result;  it  was  then  rendered  alkaline  and  extracted  with 
ether.  The  latter  extract  gave,  on  evaporation,  the  same  substance 
which  had  been  found  in  the  organs  of  the  child.  The  residue  was  a 
yellowish  oil,  having  an  odor  somewhat  similar  to  propylamin.  It 
was  repulsive,  but  not  bitter  to  the  taste,  and  alkaline  in  reaction. 
On  the  addition  of  hydrochloric  acid  it  crystallized  in  white  need- 
les, which  were  freely  soluble  in  water,  but  soluble  with  difficulty  in 
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alcohol.  On  the  addition  of  ammonium  hydrate  to  this  crystalline 
substance,  a white  vapor  of  unpleasant  odor  was  given  off.  When 
dissolved  in  sulphuric  acid  the  crystals  formed  a solution  which  was 
at  first  colorless,  but  which  gradually  became  dirty  brownish-yellow, 
and  grayish-brown  on  the  application  of  heat.  On  being  warmed 
with  sodium  molybdate,  a splendid  blue  color,  becoming  gradually 
gray,  was  produced.  Potassium  bichromate  and  sulphuric  acid  gave 
a reddish-brown,  then  a grass-green  color.  Nitric  acid  gave  a yellow 
color.  A tartaric  acid  solution  of  the  crystals  produced  on  the  addi- 
tion of  platinum  chlorid  a dirty  yellow  precipitate  of  small  six-sided 
stars,  which  contain  31.55  per  cent,  of  platinum.  Gold  chlorid  gave 
a pure  yellow,  amorphous  precipitate  ; mercuric  chlorid  yielded  white 
crystals  ; potassio-mercuric-iodid  a dirty  white  precipitate,  and  potas- 
sio-cadmic-iodid  yielded  no  result.  Tannic  acid  produced  only  a tur- 
bidity. Sodium  phospho-molybdate  gave  a yellow  flocculent  precip- 
itate which  became  blue  on  the  addition  of  ammonium  hydrate. 

Liebermann,  in  examining  the  somewhat  decomposed  stomach  and 
intestines  of  a case  of  suspected  poisoning,  found  an  alkaloidal  body 
which  was  unlike  that  studied  by  the  chemist  mentioned  above,  inas- 
much as  it  was  not  volatile.  The  ether  extract  from  alkaline  solu- 
tion left,  on  evaporation,  a brownish  resinous  mass  which  dissolved  in 
water  to  a turbid  solution.  The  cloudiness  increased  on  heating. 
This  reaction  agrees  with  conii'n,  but  the  odor  differed  from  that  of 
the  vegetable  alkaloid.  The  putrefactive  alkaloid  does  not  distil 
when  heated  on  the  oil-bath  to  200°,  while  coniln  distils  at  135°. 
The  former  is  with  certainty  distinguished  from  coni'in  by  its  non- 
poisonous  properties.  This  substance  is  extracted  by  ether  from  acid 
as  well  as  from  alkaline  solutions ; on  the  evaporation  of  the  ether  it 
appears  in  yellow  oily  drops,  which  are  soluble  in  alcohol. 

Selrni  obtained  from  both  putrefying  and  fresh  intestines  a substance 
which  gave  the  general  alkaloidal  reactions  and  had  marked  reducing 
power.  When  warmed  with  sulphuric  acid  it  gave  a violet  coloration. 

From  human  bodies  from  one  to  ten  months  after  death  Selmi  re- 
moved many  alkaline  bases.  From  an  ether  solution  of  one  of  these, 
one  basic  substance  was  removed  by  treatment  with  carbonic  acid  gas. 
Another  body  which  was  insoluble  in  ether,  but  readily  soluble  in 
amylic  alcohol,  was  found  to  be  a violent  poison,  producing  in  rab- 
bits tetanus,  marked  dilatation  of  the  pupils,  choleraic  symptoms, 
and  death. 

Parts  of  a human  body  preserved  in  alcohol  were  found  by  Selmi 
to  yield  an  easily  volatile,  phosphorus-containing  substance,  which 
was  soluble  in  ether  and  carbon  di-sulphid  and  gave  a brown  pre- 
cipitate with  silver  nitrate.  It  was  not  the  phosphid  of  hydrogen. 
With  potassium  hydrate  it  gave  off  ammonia  and  yielded  a substance 
having  an  intense  coniin  odor.  It  was  volatile  and  reduced  phospho- 
molybdic  acid.  A similar  body  was  produced  by  the  slow  decom- 
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position  of  the  yelks  of  eggs.  Seliui  also  obtained  from  decomposing 
egg  albumin  a body,  the  chlorid  of  which  formed  in  needles,  and 
possessed  a cnrare-like  action  on  frogs.  From  one  arsenical  body, 
which  had  been  buried  for  fourteen  days,  he  obtained,  by  extracting 
a solution  made  alkaline  with  baryta,  with  ether,  a substance  which 
formed  in  needles  and  which  gave  crystalline  salts  with  acids.  With 
sulphuric  acid  it  gave  a red  color ; with  iodic  acid  and  sulphuric 
acid  it  liberated  free  iodin  and  gave  a violet  coloration  ; with  nitric 
acid  it  gave  a beautiful  yellow  color  which  deepened  on  the  addition 
of  caustic  potash.  Platinum  chlorid  gave  no  precipitate  save  in 
highly  concentrated  solutions.  From  a second  arsenical  body,  Selmi 
obtained  by  the  same  method  a substance  which  gave  with  tannic 
acid  a white  precipitate ; with  iodin  in  hydriodic  acid  a kermes- 
brown  ; with  gold  chlorid  a yellow,  which  was  soon  reduced  ; with 
mercuric  chlorid  a white ; with  picric  acid  a yellow,  which  gradually 
formed  in  crystalline  tablets.  This  substance  did  not  contain  any 
arsenic,  but  was  highly  poisonous.  From  the  stomach  of  a hog 
which  had  been  preserved  in  a solution  of  arsenious  acid  Selmi  sepa- 
rated an  arsenical  organic  base.  The  fluid  was  distilled  in  a current 
of  hydrogen  ; the  distillate,  which  was  found  to  be  strongly  alkaline, 
was  neutralized  with  hydrochloric  acid  and  evaporated  to  dryness, 
when  cross-shaped  crystals,  giving  an  odor  similar  to  that  of  trimethyl- 
amin,  were  obtained.  This  substance  was  found  by  Ciaccia  to  be 
highly  poisonous,  producing  strychnia-like  symptoms.  With  iodin 
in  hydriodic  acid  it  is  said  to  give  a gray  crystalline  precipitate. 
From  the  liquid  which  remained  in  the  retort,  a non-volatile  arsenical 
ptomain  was  extracted  with  ether.  An  aqueous  solution  of  this  gave 
with  tannic  acid  a slowly  forming,  yellowish  precipitate  and  similarly 
colored  precipitates  with  iodin  in  hydriodic  acid,  platinum  chlorid, 
auric  chlorid,  mercuric  chlorid,  potassio-mercuric  iodid,  potassio- 
bismuthic  iodid,  picric  acid,  and  potassium  bichromate.  The  physi- 
ological action  of  this  substance,  as  demonstrated  on  frogs,  was  unlike 
that  of  the  arsines  and  consisted  of  torpor  and  paralysis. 

Moriggia  and  Battistini  experimented  with  substances  obtained 
from  decomposing  bodies,  upon  guinea-pigs  and  frogs,  but  did  not 
attempt  their  isolation  because  of  the  rapid  decomposition  which 
they  undergo  when  exposed  to  the  air  and  by  which  they  lose  their 
poisonous  properties.  These  alkaloids  were  found  to  be  easily 
soluble  in  amylic  alcohol,  less  soluble  in  ether. 

In  1871  Lombroso  showed  that  the  extract  from  mouldy  corn- 
meal  produced  tetanic  convulsions  in  animals.  (It  must  not  be  for- 
gotten that  similar  effects  may  be  due  to  the  cornutin  of  ergot.) 
This  threw  some  light  upon  the  cases  of  sporadic  illness  which  had 
long  been  known  to  occur  among  the  peasants  of  Lombardy,  who 
eat  fermented  and  mouldy  corn-meal.  In  1876  Brugnatelli  and 
Zenoni  obtained  by  the  Stas-Otto  method  from  this  mouldy  meal  an 
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alkaloidal  substance  which  was  white,  non-crystalline,  unstable  and 
insoluble  in  water,  but  readily  soluble  in  alcohol  and  ether.  With 
sulphuric  acid  and  bichromate  of  potassium  it  yields  a color  reaction 
very  similar  to  that  of  strychnin. 

The  action  of  the  ether  extracts  from  decomposed  brain  resembled 
that  of  curare,  but  was  less  marked  and  more  transitory.  The 
beats  of  the  frog’s  heart  were  decreased  in  number  and  strengthened 
in  force ; the  nerves  and  muscles  lost  their  irritability,  and  the  ani- 
mal passed  into  a condition  of  complete  torpor.  The  pupils  were 
dilated.  Guareschi  and  Mosso,  using  the  Stas-Otto  method,  obtained 
from  human  brains  which  had  been  allowed  to  decompose  at  a tem- 
perature of  from  10°  to  15°  for  from  one  to  two  months,  both  vola- 
tile and  non-volatile  bases.  Among  the  former  only  ammonia  and 
trimethylamin  were  in  sufficient  quantity  for  identification.  With 
these,  however,  were  minute  traces  of  ptomains.  They  obtained 
non-volatile  bases  from  both  acid  and  alkaline  solutions.  From  the 
former  they  separated  a substance  which  gave  precipitates  with 
gold  chlorid,  phosphotungstic  acid,  phosphomolybdic  acid,  Mayer’s 
reagent,  palladium  chlorid,  picric  acid,  iodin  in  potassium  iodid,  and 
a slight  one  with  tannic  acid.  This  substance  was  not  precipitated 
with  platinum  or  mercury. 

From  the  alkaline  extract  there  was  obtained  a substance  which  in 
dilute  hydrochloric  acid  solutions  gave  with  gold  chlorid  a heavy 
yellow  precipitate  with  reduction,  also  precipitates  with  phospho- 
molybdic acid,  platinum  chlorid,  Mayer’s  reagent,  picric  acid,  phos- 
photungstic acid,  Marm6’s  reagent,  iodin  in  potassium  iodid,  tannin, 
bichromate  of  potassium,  palladium  chlorid  and  mercuric  chlorid. 
It  reduced  ferric  salts.  From  decomposed  fibrin  the  same  investi- 
gators obtained  one  well-defined  ptomai'n.  Analyses  of  the  platinum 
compound  of  this  substance  gave  the  formula  C10H15N.  This  body 
will  be  discussed  in  a future  chapter. 

From  fresh  brain  substance  they  separated  ammonia,  trimethyl- 
amin, and  an  undetermined  base.  These,  however,  are  not  to  be 
regarded  as  products  of  putrefaction,  but  as  resulting  from  the 
action  of  reagents  upon  the  brain  substance.  The  trimethylamin 
probably  arises  from  the  splitting  up  of  lecithin,  while  the  undeter- 
mined base  is  most  likely  cholin,  which  also  results  from  the  break- 
ing up  of  the  lecithin  molecule. 

They  also  show  that  when  Dragendorff’s  method  is  used  basic  sub- 
stances can  be  obtained  from  fresh  meat,  and  these  are  shown  to  be 
produced  by  the  action  of  sulphuric  acid  on  the  flesh. 

In  1885,  Vaughan  detected  in  poisonous  cheese  an  active  agent  to 
which  he  gave  the  name  “ tyrotoxicon,”  and  this  discovery  has  been 
confirmed  by  Newton, Wallace,  Schaeffer,  Stanton,  Firth,  Ladd, Wolff, 
Kimura,  Davis,  Kinnicut,  and  others  ; however,  as  we  shall  see  later, 
this  is  not  the  substance  most  commonly  found  in  harmful  cheese. 
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From  1882  to  1888,  Brieger  succeeded  in  isolating  and  determin- 
ing the  composition  of  a number  of  ptomaine.  F rom  putrid  flesh 
he  obtained  neuridin,  CSH14N2,  and  neurin,  C5H13NO.  The  former 
is  inert,  while  the  latter  is  poisonous.  From  decomposing  fish  he 
separated  a poisonous  base,  C2H4(NII2)2,  which  is  an  isomer  of  ethy- 
lidenediamin,  muscarin,  CsH„N03,  and  an  inert  base,  C7H17N02, 
gadinin.  Rotten  cheese  yielded  neuridin  and  trimethylamin.  De- 
composed glue  gave  neuridin,  trimethylamin  and  a muscarin-like 
base.  In  the  cadaver,  he  found  in  different  stages  of  decomposi- 
tion, cholin,  neuridin,  trimethylamin,  cadaverin,  C5HUN2,  putrescin, 
C4H12N2,  and  saprin,  C5H14N2,  all  of  which  are  inert.  After  four- 
teen days  of  decomposition  he  found  a poisonous  substance,  mydalein, 
and  from  a cadaver  which  had  been  kept  at  from  — 9°  to  -f  5°  for 
four  months,  he  obtained  mydin,  C8HirNO,  the  poisonous  substance 
mydatoxin,  CfiH13N02,  also  the  poisou  methyl-guanidin.  From 
poisonous  mussel  he  separated  mytilotoxin,  C6H15N02. 

During  the  later  years  of  the  ninth  decade  of  the  nineteenth  cen- 
tury, chemists  began  to  study  the  products  of  bacterial  growth  in 
pure  cultures.  In  this  work,  Brieger,  following  a method  devised 
by  himself,  succeeded  in  isolating  a number  of  basic  substances, 
which  were  at  that  time  supposed  to  be  the  specific  toxins  of  certain 
diseases.  He  obtained  typhotoxin  from  cultures  of  the  typhoid  bac- 
illus, and  four  crystalline  bodies  in  growths  of  the  tetanus  organism. 
In  1888  Roux  and  Yersin  made  an  important  contribution  in  their 
classical  work  upon  the  diphtheria  toxin,  and  two  years  later  Brieger 
and  Friinkel  confirmed  these  discoveries  and  extended  this  line  of 
research.  Sewall,  Salmon  and  Smith  opened  up  a fruitful  field  for 
investigation  by  showing  that  immunity  can  be  secured  with  chem- 
ical poisons,  the  first-mentioned  having  worked  with  snake  venom, 
while  the  others  used  sterilized  cultures.  A few  years  later  this 
work  was  taken  up  and  greatly  advanced  by  Ehrlich  in  his  now 
classical  studies  on  immunity,  which  were  first  made  with  the  poison- 
ous principles  of  castor  bean  and  jequirity,  and  later  extended  to 
bacterial  products.  In  1887  Fodor  made  his  second  contribution  on 
the  germicidal  action  of  the  blood  in  vita.  This  work,  developed  by 
the  researches  of  Nuttall,  Buchner,  Metschnikoff,  Pfeiffer,  Ehrlich, 
Bordet  and  numerous  others,  has  greatly  advanced  our  knowledge  of 
the  manner  in  which  the  animal  organism  protects  itself  from  bac- 
terial invasion,  and  has  given  us  some  practical  tests,  as  the  Widal  re- 
action, which  are  useful  in  the  diagnosis  of  diseases.  In  1892,  blood 
serum  therapy,  which  had  been  attempted  before  by  Babes  and  Tiz- 
zoni,  was  brought  into  prominence  by  the  researches  of  Behring,  and 
confirmed  by  Roux  in  1894.  As  a practical  result  of  this  line  of 
research  we  have  the  antitoxin  treatment  of  diphtheria,  probably  the 
most  brilliant  discovery  yet  made  within  the  domain  of  curative 
medicine.  All  of  these  subjects  will  be  dwelt  upon  in  detail  in  sub- 
sequent chapters. 


CHAPTER  IV. 


THE  BACTERIAL  POISONS  OF  SOME  OF  THE  INFECTIOUS 

DISEASES. 

V E will  now  give  our  attention  to  the  chemical  poisons  of  some 
of  the  infectious  diseases,  and  in  doing  this  we  will  illustrate,  sub- 
stantiate and  extend  the  statements  made  in  preceding  chapters. 

Anthrax. — The  definition  of  an  infectious  disease,  as  we  have  given 
it,  is  illustrated  by  the  facts  which  have  been  learned  concerning 
the  causation  of  anthrax,  which  has  probably  been  more  thoroughly 
studied  than  any  other  infectious  disease.  Kausch  taught  that  this 
disease  has  its  origin  in  paralysis  of  the  nerves  of  respiration,  but  as 
to  the  cause  of  this  paralysis  he  gave  no  information.  Delafond 
thought  that  anthrax  has  its  origin  in  the  influence  of  the  chemical 
composition  of  the  soil  affecting  the  food  of  animals  and  leading  to 
abnormal  nutrition.  The  investigations  of  Gerlach,  in  1845,  demon- 
strated the  contagious  nature  of  anthrax,  which  was  emphasized  by 
Husinger  in  1850  and  accepted  by  Virchow  in  1855.  However, 
as  early  as  1849  Pollender  found  numerous  rod-like  microorgan- 
isms in  the  blood  of  animals  sick  with  this  disease,  and  his  observa- 
tion was  confirmed  by  Brauell,  who  produced  the  disease  in  healthy 
animals  by  inoculations  with  matter  taken  from  an  anthrax  pustule. 
Attempts  were  made  to  ridicule  the  idea  that  this  organism  might 
be  the  cause  of  the  disease  but,  in  1863,  Davaine  showed  that  these 
rod-like  bodies  must  have  some  causal  relation  to  the  disease,  inas- 
much as  his  experiments  proved  that  inoculation  into  animals  of  the 
blood  of  those  sick  with  anthrax,  produced  the  disease  only  when 
taken  at  a time  when  the  blood  contained  these  organisms.  He  also 
demonstrated  beyond  any  question  that  these  rod-like  bodies  are 
bacteria,  capable  of  growth  and  multiplication.  The  conclusions 
of  this  investigator  were  combated  by  many;  but  Pasteur,  Koch, 
Bollinger,  De  Bary,  and  others  studied  the  morphology  and  life 
history  of  these  organisms,  and  then  came  the  brilliant  results  of 
Pasteur  in  securing  protection  against  inoculated  anthrax  by  the  vac- 
cination of  healthy  animals  with  the  modified  germ  and  subsequent 
inoculation  with  the  virulent  form.  Then  the  question  arose,  How 
do  these  bacilli  produce  anthrax  ? and  in  answer  to  this  question  the 
various  theories  which  we  have  mentioned  were  proposed. 

In  1877,  Pasteur  filtered  the  blood  of  animals  sick  with  anthrax, 
also  anthrax  cultures,  through  porcelain  and  injected  the  germ-free 
filtrate  into  animals  without  inducing  the  disease,  and  concluded 
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that  this  bacillus  does  not  produce  any  soluble  poison.  The  first 
successful  attempt  to  study  the  chemical  poison  of  anthrax  was  made 
by  Holfa,  who  obtained  from  pure  cultures  of  the  bacillus  small 
quantities  of  a ptomain  which,  when  injected  under  the  skin  of 
animals,  produces  the  symptoms  of  the  disease  and  death.  This 
substance  causes  at  first  increased  respiration  and  action  of  the  heart, 
then  the  respirations  become  deep,  slow  and  irregular ; the  temper- 
ature falls  below  the  normal,  the  pupils  are  dilated,  and  a bloody 
diarrhcea  sets  it.  On  section  the  heart  is  found  contracted,  the 
blood  dark,  and  ecchymoses  are  observed  on  the  pericardium  and 
peritoneum.  Hoffa  named  this  poison  anthracin,  and  later  he  re- 
ported that  he  had  succeeded  in  isolating  it  from  the  bodies  of  ani- 
mals dead  from  anthrax.  It  must  be  admitted  that  Hoffa’s  claims 
are  not  altogether  satisfactory,  and  that  they  lack  confirmation. 
Moreover,  the  small  amount  of  the  basic  substance  which  he  ob- 
tained renders  it  highly  probable  that  in  the  case  of  a germ  so  viru- 
lent as  that  of  anthrax,  there  must  be  other  chemical  poisons  pro- 
duced. In  1889  Hankin,  by  growing  the  anthrax  bacillus  for  some 
days  in  a nutritive  solution  consisting  of  Liebig’s  meat  extract  to 
which  fibrin  had  been  added,  filtering  and  treating  the  filtrate  with 
ammonium  sulphate,  obtained  an  alburnose  which,  while  not  directly 
poisonous  to  animals,  when  injected  simultaneously  with  an  inocula- 
tion of  the  anthrax  bacillus,  causes  more  speedy  death  than  when 
the  bacillus  only  is  used.  From  these  observations  Hankin  con- 
cluded that  the  alburnose  destroys  the  natural  resistance  of  the  ani- 
mal to  the  disease,  after  which  the  bacillus  is  able  to  continue  the 
elaboration  of  the  poison  in  the  animal  body. 

Martin,  by  growing  the  anthrax  bacillus  for  from  ten  to  fifteen 
days  in  an  alkaline  albuminate  from  blood  serum,  and  then  by  filtra- 
tion through  porcelain,  obtains  the  following  products  : 

1.  Protoalbumose  and  deuteroalbumose,  and  a trace  of  pepton, 
all  of  which  react  chemically  like  similar  substances  prepared  by 
peptic  digestion. 

2.  An  alkaloid. 

3.  Small  quantities  of  leucin  and  tyrosin. 

The  most  characteristic  property  of  the  albumoses  is  that  their 
solutions  are  strongly  alkaline,  and  the  alkalinity  is  not  removed  by 
ether,  or  by  dialysis. 

The  alkaloid  is  soluble  in  water,  alcohol  and  araylic  alcohol ; and 
is  insoluble  in  chloroform,  ether  and  benzol.  Its  solutions  are 
strongly  alkaline  and  the  alkaloid  forms  crystalline  salts  with  acids. 
It  is  precipitated  by  the  general  alkaloidal  reagents,  with  the  excep- 
tion of  potassio-mercuric  iodid.  It  is  somewhat  volatile  and  loses  its 
poisonous  properties  on  exposure  to  the  air. 

The  mixed  albumoses  are  poisonous  only  when  considerable  doses 
are  taken,  0.3  gram  being  required  to  kill  a mouse  of  22  grams 
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weight  when  injected  subcutaneously.  Smaller  doses  cause  a local 
oedema  and  a somnolent  condition,  from  which  the  animal  recovers. 
The  larger  doses  produce  a more  extensive  oedema,  and  the  somno- 
lence deepens  to  coma,  terminating  in  death.  In  some  cases  the 
spleen  is  enlarged.  The  absence  of  germs  was  determined  by  plate 
cul  ures.  The  alkaloid  causes  similar  symptoms.  It  is,  however, 
more  poisonous,  and  acts  more  rapidly  than  the  albumoses.  The 
animal  is  affected  immediately  after  the  injection,  and  the  gradually 
increasing  coma  terminates  in  death.  The  alkaloid  also  causes 
oedema  and  in  many  cases  thrombosis  of  the  small  veins.  Extrav- 
asations into  the  peritoneal  cavity  are  occasionally  seen,  and  the 
spleen  is  ordinarily  enlarged  and  filled  with  blood.  The  fatal  dose 
for  a mouse  is  from  0.1  to  0.15  gram,  death  resulting  within  three 
hours.  This  alkaloid  does  not  appear  to  be  identical  in  its  action 
with  the  anthracin  of  Hoffa.  Martin  also  succeeded  in  obtaining 
like  substances  from  the  bodies  of  infected  animals.  He  regards  the 
albumose  as  an  antecedent  of  the  ptomai'n.  It  is  probable  that  the 
albumoses  obtained  by  Hankin  and  Martin  are  identical.  Balp  and 
Carbone  1 succeeded  in  isolating  from  the  oedematous  tissue  of  an 
animal  dead  with  anthrax  an  albuminous  body  of  slight  toxicity,  and 
a similar  result  was  obtained  by  Landi. 2 Maltzew 3 found  that  when 
from  0.2  to  7 c.c.  of  a filtered  bouillon  culture  of  the  anthrax  germ 
was  injected  subcutaneously  in  rabbits,  it  induced  no  symptoms,  but 
if  the  same  animals  were  inoculated  with  anthrax  within  from  ten  to 
eighteen  days  they  died  much  more  speedily  than  control  animals. 
It  will  thus  be  seen  that  Hankin’s  results  have  been  several  times 
confirmed.  However,  it  should  be  stated  that  Petermann  4 claims  to 
have  repeated  Hankin’s  experiments  and  obtained  an  albumose,  the 
only  effect  of  which  was  to  elevate  the  temperature  from  one  to  two 
degrees,  and  Klemperer5  obtained  from  boiled  anthrax  cultures  an 
albuminous  substance  which  caused  elevation  of  temperature.  Han- 
kin and  Wesbrook  6 repeated  the  former’s  experiments,  using  a so- 
lution of  pure  pepton  as  a culture  medium.  After  some  weeks,  the 
culture  was  filtered,  treated  with  ammonium  sulphate,  centrifuged, 
dialyzed,  and  precipitated  with  alcohol.  In  this  way  an  albumose  of 
slight  toxicity  was  obtained. 

Brieger  and  Friinkel  endeavored  to  prepare  a toxalbumin  from  the 
organs  of  animals  dead  with  anthrax.  The  finely  divided  tissue  was 
thoroughly  rubbed  up  with  water,  allowed  to  stand  for  twelve  hours 
in  an  ice-box  and  filtered  through  porcelain.  The  filtrate  was  evapo- 
rated in  vacuo  at  30°  to  one-third  its  volume,  and,  after  being  acidi- 

1 Oiomale  della  R.  accademia  di  medicina  di  Torino,  1891. 

* Rivista  generate  ilaliana  di  clinica  medica,  1891. 

3 Russkaia  Medicina,  1891. 

4 Annate s de  l’  Inst i tut  Pasteur,  1892. 

5 Zeitschri/t f.  klin.  Median.,  1892. 

6 Annates  de  U Institut  Pasteur,  1892. 
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fied  with  a few  drops  of  acetic  acid,  was  treated  with  ten  times  ita 
volume  of  absolute  alcohol.  This  mixture  was  allowed  to  stand  for 
twelve  hours  longer  in  an  ice-box,  after  which  the  precipitate  was 
collected  on  a filter,  dissolved  in  a small  volume  of  water,  refiltered, 
and  reprecipitated  with  alcohol,  this  being  repeated  until  a perfectly 
clear  aqueous  solution  was  obtained.  The  albumose  was  further 
purified  by  dialysis,  and  as  thus  obtained,  it  was  found  to  be  freely 
soluble  in  water  and  to  give  the  ordinary  reactions  for  albumin. 
The  toxicity  of  this  albumose  is  much  greater  than  that  of  similar 
substances  obtained  by  others. 

Marmier  grew  anthrax  germs  in  the  following  medium  : 


Water, 

1,000  grams 

Pepton, 

Sodium  chlorid, 

40  « 

15  “ 

Sodium  phosphate, 

.5  “ 

Potassium  phosphate, 

.2  “ 

Glycerin, 

10  “ 

The  pepton  used  was  obtained  from  the  commercial  preparation  by 
precipitation  of  the  other  proteids  with  ammonium  sulphate  and  by 
removing  the  salt  by  dialysis.  In  this  menstruum  the  anthrax 
bacillus,  especially  the  sporeless  variety,  grew  abundantly.  The 
toxin  was  obtained  from  the  culture  medium  by  precipitation  with 
ammonium  sulphate.  When  dried  it  is  soluble  in  water  and  in  a 
one  per  cent,  solution  of  phenol ; insoluble  in  chloroform,  ether,  and 
absolute  alcohol.  It  is  said  not  to  give  any  of  the  reactions  of  albu- 
minoids, propeptons,  peptons,  or  alkaloids,  but  since  there  is  no  men- 
tion of  the  reactions  tested,  and  since  precipitation  with  ammonium 
sulphate  is  a pepton  and  propepton  reaction,  this  statement  must  be 
considered  as  somewhat  indefinite  and  possibly  misleading.  There 
is  no  proof  that  the  toxin  obtained  was  pure ; in  fact,  the  report 
makes  the  reader  certain  that  the  final  product  was  by  no  means 
chemically  pure.  The  author  was  surprised  in  studying  the  poison- 
ous effects  of  this  toxin  to  find  that  while  twenty  milligrammes  killed 
some  rabbits  readily,  others  resisted  seventy  milligrammes  ; and  it 
does  not  seem  to  have  occurred  to  him  that  this  might  be  due  to  the 
fact  that  the  most  of  his  product  was  inert,  and  that  these  differences 
in  effects  were  due  to  the  unequal  distribution  of  the  active  agent. 
However,  we  will  give  the  author’s  conclusions  as  he  states  them : 

1.  A specific  toxin  may  be  extracted  from  glycerin-pepton  cultures 
of  the  anthrax  bacillus. 

2.  This  toxin  does  not  give  the  reactions  of  albuminoid  substances. 
It  does  not  change  starch,  sugar  or  glycogen. 

3.  The  animals  (chickens,  frogs,  fish)  that  are  immune  to  the 
anthrax  bacillus,  are  also  indifferent  to  the  toxin.  Similar  results 
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were  observed  in  rabbits  artificially  immunized  with  attenuated 
cultures. 

4.  This  toxin  is  attenuated,  but  not  destroyed,  by  boiling  at  110°, 
thus  differing  from  the  venom  of  serpents,  the  toxins  of  diphtheria 
and  tetanus,  and  the  enzymes. 

5.  On  the  contrary,  like  the  other  bacterial  toxins,  it  loses  its 
effect  on  animals  after  being  brought  in  contact  with  the  alkaline 
hypochlorites.  Prolonged  insolation  in  the  presence  of  air  leads  to 
the  same  result. 

6.  By  employing  carefully  graduated  doses  of  this  toxin  it  is 
possible  to  immunize  animals  to  the  anthrax  bacillus  in  the  same 
way  as  other  specific  toxins  give  immunity  to  the  corresponding 
disease. 

7.  Anthrax  cultures  in  other  fluids,  such  as  blood  serum,  and 
bouillon  from  the  flesh  of  the  horse,  ox,  or  calf,  do  not  contain  the 
toxin  in  appreciable  quantities. 

8.  On  the  contrary,  one  may  extract  a toxin  from  anthrax  cul- 
tures on  nutritive  gelatin  by  macerating  the  microorganisms  in 
alcohol  water  (20  per  cent,  alcohol). 

The  toxin  is  contained  within  the  bacterial  cells,  and  in  order  to 
obtain  it  in  the  culture  there  must  be  opportunity  for  it  to  diffuse 
from  the  cells. 

Heim  and  Geyger1  grew  anthrax  bacilli  in  eggs,  after  the  manner 
of  Hueppe,  extracted  with  alcohol,  precipitated  with  mercuric  chlorid, 
filtered,  treated  the  filtrate  with  platinum  chlorid,  decomposed  this 
precipitate  with  hydrogen  sulphid,  rendered  the  filtrate  alkaline  with 
potassium  hydrate,  and  extracted  one  portion  with  ether,  and  another 
with  benzol.  The  benzol  residue,  when  taken  up  with  water,  killed 
mice  ; the  ether  residue  was  less  toxic. 

Ivanow 2 has  shown  that  certain  volatile  fatty  acids,  formic,  acetic 
and  caproic,  may  be  formed  in  anthrax  cultures ; but  there  is  no 
evidence  that  the  production  of  these  substances  has  anything  to  do 
with  the  pathology  of  the  disease. 

Petri  and  Maassen 3 have  detected  hydrogen  sulphid  in  anthrax 
cultures ; but  spectroscopic  examination  of  anthrax  blood  failed  to 
show  the  presence  of  this  substance,  and  there  is  no  evidence  that 
this  gas  has  anything  to  do  with  the  production  of  the  disease. 

Fermi  has  shown  the  presence  of  peptonizing  and  diastatic  fer- 
ments in  anthrax  cultures  ; while  Maumus  has  detected  a sugar- 
forming agent,  and  Roger  reports  the  presence  of  a rennet.  Klein  4 
removed  the  germs  from  agar  cultures  of  forty-eight  hours’  growth, 
placed  the  same  in  5 c.c.  of  bouillon,  and  after  the  tube  had  been 

1 Ijehrbuch  der  Bakt.  Untermchung,  1894. 

2 Annates  de  l’  Insdtul  Pasteur,  1892. 

3 Arbeiten  aus  dem  k.  Oesundheitsamte,  8,  318. 

* Centralblatt  f.  Bakteriologie , 15,  598. 
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held  for  five  minutes  in  boiling  water,  injected  two-thirds  of  its  con- 
tents into  the  peritoneal  cavity  of  a guinea-pig  without  results. 
From  this  he  concludes  that  the  anthrax  bacillus  does  not  form  any 
intracellular  poison. 

Bianchi-Mariotti 1 has  studied  the  effects  of  the  soluble  constitu- 
ents of  anthrax  cultures  on  the  isotonia  of  the  blood.  He  found 
that  the  intravenous  injection  of  cultures  filtered  through  porcelain, 
in  small  or  medium  doses,  increased  the  isotonic  properties  of  the 
blood  of  the  rabbit,  but  in  larger  doses  diminished  the  same;  fur- 
thermore, he  showed  that  the  amount  of  hemoglobin  is  decreased 
after  the  injection,  in  direct  proportion  to  the  quantity  of  the  cul- 
ture used. 

Conradi 2 has  endeavored  to  solve  the  question  of  the  existence  of 
an  anthrax  toxin  by  the  following  methods. 

1.  The  exudates  which  form  in  the  peritoneal  cavities  of  guinea- 
pigs  inoculated  with  anthrax,  were  filtered  through  both  Kitasato 
and  Chamberland  filters  and  injected  into  susceptible  animals  with- 
out effect.  The  amount  of  filtered  extract  injected  into  rabbits 
varied  from  10  to  20  c.c. 

2.  The  livers  and  spleens  of  guinea-pigs,  which  had  succumbed 
to  anthrax,  were  immediately  after  death  rubbed  up  with  sterilized 
sand  in  a sterilized  mortar,  diluted  with  physiological  salt  solution, 
filtered  through  porcelain  and  injected  into  white  rats,  guinea-pigs 
and  rabbits  without  effect. 

3.  Collodion  sacs  filled  with  virulent  anthrax  cultures,  were 
placed  in  the  abdominal  cavities  of  susceptible  animals,  where  they 
remained  without  apparent  detriment  to  health.  This  was  a repe- 
tition of  similar  experiments  made  previously  by  Sanarelli  and 
Pekelharing. 

4.  The  anthrax  exudates  in  quantities  of  from  5 to  6 c.c.  were 
placed  in  test-tubes,  | c.c.  of  toluol  added,  the  tube  closed  with  steril- 
ized cork,  thoroughly  shaken,  and  then  allowed  to  stand  for  ten  days 
in  the  dark  at  room  temperature.  At  the  expiration  of  this  time  the 
contents  of  many  tubes  were  placed  in  a separator  and  the  toluol  re- 
moved. The  exudate  in  which  the  germ  had  thus  been  destroyed 
by  toluol  was  injected  into  susceptible  animals  without  effect. 

5.  Having  shown  that  asporogenic  cultures  are  deprived  of  vi- 
tality by  exposure  for  110  hours  to  — 16°,  such  cultures,  after  being 
thus  sterilized  and  being  kept  for  some  time  in  the  incubator  to 
prove  their  sterility,  were  injected  into  susceptible  animals  without 
effect. 

6.  Thinking  it  possible  that  a toxin  might  be  extracted  under 
pressure,  after  the  method  used  by  Buchner  in  obtaining  a ferment 
from  yeast,  cultures  were  exposed  to  hydraulic  pressure  of  500  at- 

1 Wiener  med.  Presse,  1894. 

8 Zeituchrift  f.  Hygiene,  31,  237. 
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mospheres.  The  resulting  fluid  was  filtered  through  porcelain  and 
injected  into  animals  without  effect. 

7.  The  experiment  of  Brieger  and  Frankel,  in  which  they  pre- 
pared their  anthrax  toxalbumin,  was  repeated  with  a negative  result. 

From  these  experiments  Conradi  reaches  the  following  conclusion  : 
“ By  no  method  known  at  present  can  it  be  shown  that  the  anthrax 
bacillus  forms  either  an  extra-cellular  or  an  intra-cellular  poison  in 
the  animal  body ; indeed,  these  experiments  increase  the  probability 
that  the  anthrax  bacillus  does  not  form  any  poisonous  substance. 
Therefore  the  solution  of  the  manner  in  which  anthrax  infection  re- 
sults remains  unknown.  Whether  improved  chemical  methods  will 
lead  to  the  detection  of  a poison  or  not  cannot  be  predicted,  but  for 
the  present  the  anthrax  bacillus  must  be  regarded  as  a purely  infec- 
tious microorganism.”  If  this  be  true,  the  mechanical  interference 
theory  is  the  best  that  can  at  present  be  offered  so  far  as  anthrax  is 
concerned.1 

Asiatic  Cholera. — Bitter  has  shown  that  the  comma  bacillus  pro- 
duces in  meat  pepton  cultures  a peptonizing  ferment,  which  remains 
active  after  the  organism  has  been  destroyed.  Like  similar  chemical 
ferments,  it  converts  an  indefinite  amount  of  coagulated  albumin  into 
pepton.  It  is  more  active  in  alkaline  than  in  acid  solutions,  thus 
resembling  pancreatin  more  than  pepsin.  The  resemblance  to  pan- 
creatin  is  further  shown  by  increased  activity  in  the  presence  of  cer- 
tain chemicals,  such  as  sodium  carbonate  and  salicylate.  Bitter  also 
demonstrated  that  this  microorganism  produces  a diastatic  ferment, 
inasmuch  as  he  found  that  it  develops  an  acid  in  nutrient  solutions 
containing  starch  paste  ; however,  all  attempts  to  isolate  this  ferment 
were  unsuccessful.  A temperature  of  60°  destroys  or  markedly  de- 
creases the  activity  of  ptyalin,  and  this  is  also  true  of  the  diastatic 
ferment  produced  by  the  comma  bacillus. 

Fermi  isolated  the  peptonizing  ferment  of  the  cholera  germ  in  the 
following  manner  : 65  per  cent,  alcohol  added  to  gelatin  which  has 
been  liquefied  by  the  bacillus,  precipitates  the  proteid,  but  not  the 
ferment ; after  twenty-four  hours  the  precipitate  is  removed  by  fil- 
tration, and  the  ferment  precipitated  from  the  filtrate  by  the  addition 
of  absolute  alcohol.  After  being  collected  on  a filter  and  dried,  this 
ferment  may  be  dissolved  in  an  aqueous  solution  of  thymol  and  its 
peptonizing  properties  demonstrated  on  gelatin  tubes. 

Rietsch  believes  that  the  destructive  changes  observed  in  the  in- 
testines in  cholera  are  due  to  the  action  of  the  peptonizing  ferment. 

Cantani  injected  sterilized  cultures  of  the  comma  bacillus  into  the 
peritoneal  cavities  of  small  dogs  and  observed  after  from  one-quarter 
to  one-half  hour  the  following  symptoms  : great  weakness,  tremor  of 
the  muscles,  drooping  of  the  head,  prostration,  convulsive  contractions 

1 See  page  20. 
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of  the  posterior  extremities,  repeated  vomiting,  and  cold  head  and 
extremities.  After  two  hours  these  symptoms  began  to  abate,  and 
after  twenty-four  hours  recovery  seemed  complete.  Control  experi- 
ments with  like  amounts  of  uninfected  beef  tea  gave  negative  results. 
The  cultures  used  were  three  days  old  when  sterilized.  Older  cul- 
tures seemed  less  poisonous,  and  a high  or  prolonged  heat  in  sterili- 
zation decreased  the  toxicity  of  the  fluid  ; therefore,  Cantani  concludes 
that  the  poisonous  principle  is  volatile,  but  the  effect  of  high  or  pro- 
longed heat  in  diminishing  the  toxicity  was  more  probably  due  to 
destructive  action  on  the  toxin.  The  same  observer  found  that  the 
blood  of  those  sick  with  cholera  is  acid  ; this  has  been  confirmed  by 
Strauss  on  examining  the  blood  directly  after  death,  and  Ahrend 
found  lactic  acid  in  the  strongly  acid  urine  of  a cholera  patient. 

Nicati  and  Rietsch  killed  dogs  by  injecting  intravenously  cultures 
from  which  all  the  germs  had  been  removed  by  filtration,  and  they 
also  obtained  from  old  bouillon-pepton  cultures  a poisonous  base. 
Van  Ermengem  also  found  that  cultures  after  filtration  through  a 
Chamberland  filter  are  poisonous. 

Klebs  studied  the  cholera  toxin  in  the  following  manner  : Cul- 
tures in  fish  preparations  were  acidified,  filtered  ; the  filtrate  evapo- 
rated on  the  water-bath ; the  residue  taken  up  with  alcohol  and  pre- 
cipitated with  platinum  chlorid.  The  platinum  was  removed  with 
hydrogen  sulphid  and  the  crystalline  residue  obtained  on  evaporation 
was  dissolved  in  water  and  injected  into  rabbits  intravenously. 
Muscular  contractions  were  induced,  and  death  followed  in  one  ani- 
mal, which,  in  addition  to  the  above  treatment,  received  an  injection 
of  a non-sterilized  culture.  In  the  latter  case  the  epithelium  of  the 
uriniferous  tubules  was  found  to  be  extensively  calcified.  Klebs 
believes  this  change  in  the  kidney  to  be  induced  by  the  chemical 
poison,  and  he  explains  the  symptoms  of  the  disease  as  follows : 
The  cyanosis  is  a consequence  of  the  arterial  contraction,  the  first 
effect  of  the  poison.  The  muscular  contractions  also  result  from  the 
action  of  the  toxin.  The  serous  exudate  of  the  intestines  follows 
upon  epithelial  necrosis.  Anuria  and  the  subsequent  symptoms 
appear  when  the  formation  and  absorption  of  the  poison  become 
greatest. 

Hueppe  states  that  the  severe  symptoms  of  cholera  can  be  ex- 
plained only  on  the  supposition  that  the  bacilli  produce  a chemical 
poison,  which  resembles  muscarin  in  its  action. 

Villiers  isolated  by  the  Stas-Otto  method  from  two  bodies  dead 
from  cholera  a poisonous  base  which  was  liquid,  pungent  to  the  taste, 
and  possessed  the  odor  of  hawthorn.  It  was  strongly  alkaline,  and 
gave  precipitates  with  the  general  alkaloidal  reagents.  From  one  to 
two  milligrammes  of  this  substance  injected  into  frogs  caused  de- 
creased activity  of  the  heart,  violent  trembling,  and  death.  The 
heart  was  found  in  diastole  and  full  of  blood,  and  the  brain  slightly 
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congested.  However,  the  presence  of  this  substance  in  the  bodies  of 
persons  who  have  died  of  cholera  does  not  prove  that  its  production 
is  due  to  the  cholera  bacillus. 

Pouchet  extracted  from  cholera  stools,  with  chloroform,  an  oily 
base  belonging  to  the  pyridin  series.  It  reduced  ferric  as  well  as 
platinum  salts,  and  formed  a readily  decomposable  hydrochlorid.  It 
was  a violent  poison,  irritating  to  the  stomach,  and  retarding  the 
action  of  the  heart.  Subsequently,  he  obtained  a similar  substance 
from  cultures  of  the  comma  bacillus. 

Brieger  used  pure  cultures  on  beef  broth,  which  was  rendered 
alkaline  by  the  addition  of  a three  per  cent,  soda  solution.  These 
were  kept  at  from  37°  to  38°,  and  after  twenty-four  hours,  cadaverin 
was  found  to  be  present.  Older  cultures  yielded  very  small  quan- 
tities of  putrescin,  but  blood  serum  cultures  yielded  much  larger 
amounts  of  this  base.  While  cadaverin  and  putrescin  cannot  be  said 
to  be  poisonous,  they  cause  necrosis  of  tissue  into  which  they  are  in- 
jected, and  their  formation  by  the  cholera  germ  may  account  for  the 
necrotic  areas  observed  in  the  intestine  after  death  from  this  disease. 
The  lecithin  of  the  beef  broth  was  slowly  acted  upon  by  the  germ, 
and  with  age  the  amount  of  cholin  increased,  reaching  its  maximum 
during  the  fourth  week.  Creatin  proved  more  resistant  to  the  action 
of  the  bacillus ; but,  after  six  weeks,  a considerable  quantity  of 
creatinin  was  isolated,  and  a similar  amount  of  methyl-guanidin. 
The  latter  is  highly  poisonous,  and  causes  muscle  tremors  and  dysp- 
noea. The  presence  of  methyl-guanidin  indicates  that  the  comma 
bacillus  acts  as  an  oxidizing  agent,  since  creatin  yields  this  substance 
only  by  oxidation.  In  addition  to  the  above-mentioned  ptomains, 
which  are  common  products  of  putrefaction,  Brieger  found  two 
poisons  which  he  at  that  time  considered  as  specific  toxins  of  the 
comma  bacillus.  One  of  these,  found  in  the  mercuric  chlorid  pre- 
cipitate, is  a diamin,  resembling  triraethylendiamin.  It  caused  mus- 
cle tremor  and  cramps.  The  other  poison,  found  in  the  mercury 
filtrate,  produced  in  mice  a lethargic  condition ; the  respiration  and 
heart’s  action  became  slow,  and  the  temperature  sank  so  that  the 
animals  felt  cold.  Sometimes  there  was  bloody  diarrhoea.  It  is 
quite  certain  that  the  above-mentioned  substances,  neither  singly  nor 
combined,  constitute  the  specific  toxin  of  the  cholera  bacillus. 

Brieger  and  Fninkel  found  in  cultures  of  the  cholera  bacillus  an 
insoluble  proteid,  which,  when  suspended  in  water  and  injected  sub- 
cutaneously in  guinea-pigs,  caused  death  after  from  two  to  three 
days.  Section  showed  inflammatory  swelling  and  redness  of  the 
subcutaneous  tissue,  extending  into  the  muscles,  for  some  distance 
about  the  point  of  injection,  but  no  necrosis.  There  was  no  change 
in  the  intestine  and  no  effusion  into  the  peritoneum.  In  some  in- 
stances there  was  beginning  fatty  degeneration  in  the  liver.  Upon 
rabbits  this  substance,  even  in  large  doses,  was  without  effect. 
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Gamaleia  employed  cultures  which  had  been  sterilized  at  120°. 
Subcutaneous  injections  of  these  caused  transient  oedema  from  which 
the  animals  soon  recovered.  When  the  cultures  were  sterilized  at 
60°,  large  doses  (10  c.c.  per  kilogram  body-weight)  caused  death. 
In  this  connection  Bouchard  remarks  that  in  1884  he  obtained  by 
the  intravenous  injection  of  the  urine  of  a cholera  patient  in  rabbits, 
muscular  tremor,  cyanosis,  albuminuria  and  diarrhoea,  but  that  he 
has  never  succeeded  in  inducing  these  symptoms  with  the  cholera 
vibrio. 

Petri  states  that  the  comma  bacillus  produces  in  pepton  cultures 
large  amounts  of  tyrosin  and  leucin,  a small  quantity  of  indol,  fatty 
acids,  poisonous  base3,  and  a poisonous  proteid.  The  proteid  re- 
sembles pepton  in  its  behavior  to  heat  and  chemical  reagents  and 
is  designated  by  Petri  as  “ toxopepton.”  In  quantities  of  0.36 
gram  per  kilogram,  it  is  fatal  to  guinea-pigs  within  eighteen  hours, 
producing  muscle  tremor  and  paralysis.  Autopsy  shows  an  effu- 
sion into  the  peritoneal  cavity,  marked  injection  of  the  blood  vessels 
of  the  intestines,  and  isolated  hemorrhagic  spots.  It  is  possible  that 
the  substance  contains  the  cholera  toxin,  but  the  greater  part  of  it 
consists  of  harmless  proteid  bodies. 

Scholl  has  studied  the  chemical  products  of  the  cholera  bacillus 
when  grown  under  anaerobic  conditions.  For  this  purpose  he  em- 
ployed fresh  sterilized  eggs,  after  the  method  of  Hueppe.  The  inoc- 
ulated eggs,  after  being  kept  for  eighteen  days  at  36°,  were  opened. 
The  contents  smelled  intensely  of  hydrogen  sulphid,  but  not  of 
amines.  The  albumin  was  completely  fluid,  while  the  yolk  was  more 
solid  and  of  a dark  color.  Five  c.c.  of  the  fluid  contents  injected  into 
the  abdomen  of  a guinea-pig  caused  at  first  paralysis  of  the  posterior 
extremities,  then  general  paralysis,  and  death  within  forty  minutes. 
Section  showed  the  vessels  of  the  small  intestine  and  stomach  highly 
injected,  a colorless  effusion  in  the  peritoneal  cavity,  and  the  heart 
in  diastole.  A like  result  was  obtained  by  the  use  of  an  aqueous 
extract  of  a precipitate  obtained  by  the  addition  of  the  albuminous 
content  of  the  egg  to  ten  times  its  volume  of  absolute  alcohol.  It  is 
more  than  probable  that  the  effect  obtained  in  these  experiments  was 
due  to  the  alcohol  or  hydrogen  sulphid  retained  in  the  albuminous 
substance. 

Hueppe  holds  that  the  cholera  poison  results  from  the  analytic  or 
ferment  action  of  the  germ  on  the  proteids  in  which  it  grows,  and 
that  the  proteids  of  the  bacterial  cells  are  not  poisonous.  Following 
the  classification  of  bacterial  proteids  which  we  have  made,  Hueppe 
would  place  the  cholera  toxin  among  our  bacterial  proteids  and  the 
immunizing  substance  among  the  cellular  proteids.  At  one  time  he 
claimed  that  these  substances  could  be  separated  in  the  following 
manner : Rice-water  stools  from  cholera  patients  are  treated  with 

absolute  alcohol ; both  the  toxin  and  the  immunizing  substance  are 
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precipitated.  By  collecting  this  precipitate  and  extracting  it  with 
sterilized  water  or  physiological  salt  solution,  the  toxins  only  are  dis- 
solved. The  belief  that  a separation  of  these  two  classes  of  proteids 
can  be  made  in  this  way  rests  upon  the  following  assumptions, 
neither  of  which  can  be  said  to  be  demonstrated  facts  : (1)  The 

poison  and  the  immunizing  body  are  not  one  and  the  same  thing  ; 
(2)  the  cellular  proteids  are  not  soluble  in  water  or  salt  solution. 

Hueppe  claims,  furthermore,  that  in  a given  case  of  cholera  the 
toxin  may  be  formed  most  abundantly  and  the  immunizing  substance 
only  in  small  amount ; in  such  a case  the  symptoms  of  the  disease 
would  be  violent,  and  should  recovery  result,  immunity  to  subse- 
quent infection  would  be  slight.  With  the  conditions  reversed,  the 
disease  might  be  slight  and  the  immunity  established  great. 

Pfeiffer  and  his  students  have  held  that  the  cholera  toxin  is  an 
integral  part  of  the  bacterial  cell  and  that  it  is  not  set  free  or  capable 
of  manifesting  its  toxic  properties  until  the  germ  dies ; on  the  other 
hand,  Metschnikoff,  Gruber,  Behring,  Ransom  and  others  contend 
that  the  living  cholera  germ  produces  both  in  vitro  and  in  vita  a 
soluble,  diffusible  poison.  It  is  not  necessary  to  go  into  detail  con- 
cerning this  discussion  ; but  we  will  give  a brief  statement  of  some 
of  the  experiments  made  by  Metschnikoff  and  Roux.  A collodion 
sac  of  about  4 c.c.  capacity,  filled  with  a 2 per  cent,  pepton  solution, 
and  inoculated  with  the  cholera  bacillus,  was  placed  in  the  abdominal 
cavity  of  a guinea-pig.  A second  animal  received  a similar  sac  con- 
taining an  emulsion  of  cholera  bacilli  killed  by  chloroform  ; while  a 
third  sac,  containing  pepton  solution  only,  was  placed  in  a third  ani- 
mal. Guinea-pig  No.  3 remained  unaffected  ; No.  2 showed  during 
the  first  few  days  some  slight  elevation  of  temperature  and  some 
emaciation  ; while  No.  1 died  after  from  three  to  five  days,  with 
symptoms  of  cholera  intoxication.  At  autopsy  the  typical  lesions  of 
cholera  infection  were  found  in  the  peritoneum,  intestines,  and  kid- 
neys ; while  the  cholera  bacillus  could  not  be  found  in  the  peritoneal 
cavity,  in  the  blood,  nor  in  any  of  the  organs.  The  collodion  sac 
contained  a large  culture  of  highly  motile  cholera  bacilli  but  no  leu- 
cocytes. In  order  to  obtain  the  toxin  in  artificial  cultures,  the  germ 
was  made  highly  virulent  by  passage  through  animals  and  by  sac 
cultures.  In  this  way  they  obtained  a culture,  y^  c.c.  of  which  suf- 
ficed to  kill  guinea-pigs.  This  highly  virulent  germ  was  grown  in 
a culture  medium  consisting  of  2 per  cent,  pepton,  1 per  cent,  com- 
mon salt,  and  2 per  cent,  gelatin  with  some  serum  added.  Cultures 
in  this  medium,  grown  at  37°  for  from  three  to  four  days  and  filtered 
through  porcelain,  killed  guinea-pigs  when  administered  subcuta- 
neously in  the  proportion  of  one-third  c.c.  per  100-gram  body  weight. 
The  toxin  thus  obtained  was  not  materially  changed  on  being  boiled, 
but  did  lose  its  toxicity  on  contact  with  the  air,  especially  when  simul- 
taneously exposed  to  light.  Tubes  completely  filled  with  the  germ- 
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free  filtrate  and  kept  in  the  dark  were  found  to  lose  only  one-third 
of  their  toxicity  after  six  months.  Guinea-pigs  were  found  to  be 
most  susceptible ; rabbits  somewhat  more  resistant ; mice  required 
relatively  twenty  times  the  dose  fatal  to  guinea-pigs ; while  pigeons 
and  chickens  were  still  less  susceptible.  By  gradually  increased 
doses,  guinea-pigs,  rabbits,  goats,  and  horses  were  immunized  with 
this  toxin.  From  a guinea-pig  thus  immunized  an  antitoxic  serum 
was  obtained,  and  it  was  found  that  one  c.c.  of  this  was  sufficient  to 
neutralize  four  c.c.  of  a toxin,  two-thirds  c.c.  of  which  sufficed  to  kill 
a guinea-pig  of  250  grams  in  14  hours.  By  treating  a horse  for 
six  months  with  gradually  increased  doses  of  the  toxin  these  investi- 
gators secured  an  antitoxic  serum,  1 c.c.  of  which  was  sufficient  to 
neutralize  four  times  the  fatal  dose  of  the  toxin.  The  antitoxic 
serum  was  also  found  to  give  immunity  against  intra-peritoneal  in- 
fection with  living  cultures.  From  these  experiments  it  was  con- 
cluded that  in  the  treatment  of  cholera  an  antitoxic,  and  not  an 
anti-bacterial,  serum  is  needed.  It  should  be  stated  that  a highly 
active  toxin  is  necessary  for  the  production  of  a useful  serum. 

It  is  more  than  probable  that  the  cholera  toxin  is  formed  within 
the  cell  by  synthetical  processes,  and  that  it  readily  diffuses  through 
the  cell  wall.  On  this  assumption  both  Pfeiffer  and  Metschnikoff 
are  partially  right  in  their  contentions. 

Bujwid  found  that  on  the  addition  of  from  5 to  10  per  cent,  hydro- 
chloric acid  to  bouillon  cultures  of  the  cholera  bacillus  there  is  de- 
veloped after  a few  minutes  a rose-violet  coloration,  which  increases 
during  the  next  half  hour  and  in  a bright  light  shows  a brownish 
shade.  The  coloration  is  more  marked  if  the  culture  be  kept  at  about 
37°.  In  a pure  culture  this  reaction  does  not  occur.1 

Brieger  found  that  this  color  is  due  to  an  indol  derivative.  In 
cholera  cultures  on  albumins  he  obtained  indol  by  distillation  with 
acetic  acid. 

Dunham  finds  the  best  medium  for  the  “ cholera  reaction  ” to  be 
a one  per  cent,  alkaline  pepton  solution,  with  one-half  per  cent,  of 
common  salt.  Bujwid  prefers  a two  per  cent.,  strongly  alkaline, 
pepton  solution  with  salt.  Jadassohn  finds  that  gelatin  cultures  give 
the  reaction  both  before  and  after  the  liquefaction  of  the  gelatin. 
The  undissolved  gelatin,  after  the  addition  of  hydrochloric  or  sul- 
phuric acid,  becomes  rose-violet.  Cohen  claims  that  cultures  of 
other  bacilli  give  a similar  coloration,  but  Bujwid  explains  that  the 
results  obtained  by  Cohen  were  due  to  the  use  of  impure  acids, 
which  contained  nitrous  acid.  Salkowski  agrees  with  Bujwid,  and 
states  that  when  acids  wholly  free  from  nitrous  acid  are  used  the 
reaction  is  characteristic  of  the  comma  bacillus.  He  explains  the 

1 Poehl  deserves  the  credit  of  being  the  first  to  call  attention  to  this  reaction, 
though  his  work  was  evidently  unknown  to  Bujwid  at  the  time  when  the  latter  pub- 
lished his  report. 
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reaction  by  supposing  that  the  germ  produces  nitrous  acid,  which 
exists  in  the  culture  as  a nitrite  ; on  the  addition  of  an  acid  the 
nitrous  acid  is  set  free  and  acting  upon  the  indol,  which  is  also  pres- 
ent,  gives  the  coloration.  After  all,  wider  experience  has  shown 
that  Cohen  was  right  and  that  many  germs  respond  to  the  indol 
reaction. 

According  to  Hammurl,  cultures  of  the  germ  newly  taken  from 
stools  or  intestinal  content  do  not  give  the  indol  reaction  as  con- 
stantly as  those  germs  grown  on  artificial  media.  From  an  ex- 
haustive research  on  the  importance  of  this  test,  Petri  comes  to  the 
following  conclusions  : (1)  Seven  pure  cultures  of  the  cholera  germ, 
from  as  many  sources,  gave  the  reaction  with  equal  distinctness. 
(2)  Of  one  hundred  other  bacteria  tested  in  the  same  way,  twenty 
gave  a red  coloration.  In  nineteen  of  these  the  coloration  is  due  to 
the  uitroso-indol  reaction  of  Baeyer.  The  twentieth  (anthrax)  gave 
a color  which  is  not  due  to  indol.  (3)  In  case  of  the  cholera  germ, 
and  the  others  as  well,  the  reaction  is  due  to  the  reducing  effect  of 
the  bacteria  on  nitrates.  It  is  most  marked  at  blood  temperature 
and  writh  the  cholera  bacillus  ; it  is  least  distinct  with  the  bacilli  of 
Finkler  and  Miller.  (4)  None  of  these  bacteria  convert  ammonia  into 
nitrite.  (5)  The  simple  addition  of  sulphuric  acid  is  sufficient  to  give 
the  test,  which,  however,  is  most  marked  when  the  nutrient  solution 
contains  0.01  per  cent,  nitrate.  (6)  The  reaction  is  most  marked  if 
the  sulphuric  acid  be  added,  after  the  addition  of  a very  dilute 
nitrite  solution. 

Schuchardt  calls  attention  to  the  fact  that  Virchow  observed  a 
red  coloration  on  the  addition  of  nitric  acid  to  filtered  cholera  stools 
in  1846,  and  in  1885  Griesinger  made  mention  of  a similar  obser- 
vation. 

A “ cholera  blue  ” has  also  been  observed  by  Brieger  in  cultures 
in  meat  extract  containing  pepton  and  gelatin.  This  substance, 
which  is  yellow  by  refracted,  and  blue  by  transmitted,  light,  is  de- 
veloped by  the  addition  of  concentrated  sulphuric  acid  to  the  culture. 
It  may  be  separated  from  the  “ cholera  red  ” as  follows  : Treat  the 
culture  with  sulphuric  acid,  then  render  alkaline  with  sodium  hy- 
drate and  extract  with  ether.  Evaporate  the  ether  and  remove  the 
“ cholera  red  ” with  benzol,  then  again  dissolve  the  “ cholera  blue  ” 
in  ether.  The  characteristic  absorption  bands  for  this  coloring 
matter  begin  in  the  first  third  of  the  spectrum  between  E and  F and 
darken  all  of  the  zone  lying  beyond. 

Winter  and  Lesage  treat  a bouillon  culture  of  the  cholera  germ 
with  sulphuric  acid,  dissolve  the  precipitate  in  an  alkaline  medium, 
reprecipitate  with  acid  and  redissolve  in  ether,  which  on  evaporation 
leaves  oily  drops,  and  these,  on  cooling,  form  a yellow  mass  of  the 
appearance  of  a fat.  This  substance  is  insoluble  in  water  and  acids, 
soluble  in  alkalis  and  ether.  It  melts  at  50°,  and  does  not  lose  its 


TETANUS. 


61 


virulence  on  being  boiled  with  alcohol  rendered  feebly  alkaline. 
The  virulence  of  a culture  and  the  amount  of  this  substance  con- 
tained therein  are  in  direct  proportion  to  each  other.  Small  doses 
(one  milligram  to  one  hundred  grams  of  body  weight)  in  feebly 
alkaline  solution,  introduced  into  the  stomachs  of  guinea-pigs  cause, 
as  a rule,  within  from  four  to  six  hours,  a chill  and  death  after 
twenty-four  hours.  With  larger  doses  the  temperature  falls  after 
from  one-half  to  one  hour  and  death  results  within  from  twelve  to 
twenty  hours.  Smaller  doses  cause  a less  marked  reaction  and  the 
animal  recovers  within  twenty-four  hours.  Rabbits  succumb  only 
after  repeated  subcutaneous  injections.  The  substance  can  be  ex- 
tracted from  the  liver,  muscles,  kidneys,  and  urine  of  the  poisoned 
animals.  It  can  also  be  obtained  from  cultures  of  a cholera  infantum 
germ.  It  is  quite  certain  that  this  substance  is  an  artificial  product. 

Tetanus. — Brieger  has  obtained  from  cultures  of  the  tetanus  germ 
four  poisonous  substances.  The  first,  tetanin,  which  rapidly  decom- 
poses in  acid,  but  is  stable  in  alkaline  solutions,  produces  tetanus  in 
mice  when  injected  in  only  a few  milligrammes.  The  second,  teta- 
noxin,  produces  first  tremor,  then  paralysis,  followed  by  severe  con- 
vulsions. The  third,  to  which  no  name  has  been  given,  causes  teta- 
nus, accompanied  by  free  flow  of  the  saliva  and  tears.  The  fourth, 
spasmotoxin,  induces  clonic  and  tonic  convulsions.  The  same  in- 
vestigator isolated  tetanin  from  the  amputated  arm  of  a man  with 
this  disease.  More  recent  researches  lead  us  to  attach  but  little 
importance  to  the  crystalline  bodies  discovered  by  Brieger,  and  it  is 
highly  probable  that  the  crystals  with  which  he  worked  were  not  of 
themselves  poisonous,  but  were  mixed  with  small  quantities  of  the 
toxin. 

In  their  researches  on  toxalbumins  Brieger  and  Frankel  obtained 
from  cultures  of  the  tetanus  germ  in  bouillon  containing  grape  sugar, 
a substance  soluble  in  water,  which  when  injected  subcutaneously 
in  guinea-pigs  caused  tetanus  to  appear  after  about  four  days,  and 
led  to  a fatal  termination. 

Later,  Brieger  and  Cohn  prepared  tetanus  poison  from  cultures  of 
the  bacillus  in  veal  broth  containing  one  per  cent,  of  pepton,  and 
one-half  per  cent,  of  common  salt.  These  cultures  were  rendered 
germ-free  by  filtration  through  porcelain,  and  treated  with  ammo- 
nium sulphate  to  supersaturation.  This  throws  the  poison  out  of 
solution  and  it  floats  on  the  surface,  from  which  it  is  removed  by  a 
platinum  spatula.  This  crude  poison,  when  dried  in  vacuo,  is  found 
to  contain  6.5  per  cent,  of  ammonium  sulphate.  Of  the  filtered  cul- 
ture 0.00005  c.c.  suffices  to  kill  mice.  From  one  liter  of  the  culture 
one  gram  of  the  dried  substance  was  obtained,  and  of  this  0.000,000,1 
gram  killed  a mouse  with  the  typical  symptoms  of  tetanus.  This 
crude  product  contains,  besides  the  poison,  albumins,  pepton,  amido- 
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acids,  volatile  substances,  and  ammonium  sulphate,  with  other  salts. 
The  albumin  was  removed  with  basic  lead  acetate.  The  pepton, 
amido-acids  and  salts  were  removed  by  dialysis,  and  finally,  evapo- 
ration in  vacuo  at  20-22°  removed  the  volatile  substances.  The 
toxin  thus  obtained  is  yellow,  flaky,  readily  soluble  in  water,  odor- 
less, and  similar  in  taste  to  gum  arabic.  It  turns  polarized  light 
slightly  to  the  left.  It  fails  to  give  the  Millon  and  xanthoproteic 
reactions,  but  does  give  with  copper  sulphate  and  caustic  potash  a 
faint,  violet  coloration,  not  identical  with  the  rose  of  the  biuret  re- 
action. With  the  exception  of  ammonium  sulphate,  the  metallic 
salts,  as  sodium  chlorid  and  sulphate,  magnesium  sulphate,  potassium 
nitrate,  mercuric  chlorid  and  potassium  ferrocyanide  with  acetic  acid, 
fail  to  precipitate  the  purified  poison.  Moreover,  calcium  phosphate 
which  Roux  and  Yersin  used  for  carrying  down  the  diphtheria 
poison,  also  magnesium  carbonate  and  aluminum  hydrate,  do  not 
throw  the  tetanus  poison  out  of  solution.  The  toxin  thus  obtained 
contains  no  phosphorus  and  only  unweighable  traces  of  sulphur.  Of 
the  best  preparation  obtained  by  these  investigators,  0.000,000,05 
gram  killed  a mouse  of  15  grams  weight.  The  authors  figure  from 
this  that  the  fatal  dose  for  a man  of  70  kilograms  would  be  0.00023 
gram,  or  0.23  milligram,  and  0.04  milligram  would  induce  symptoms 
of  tetanus.  The  smallest  lethal  dose  of  atropin  for  an  adult  is  130 
milligrams,  and  of  strychnin  from  30  to  100  milligrams.  “From 
this  one  can  judge  of  the  fearful  weapons  possessed  by  the  bacteria  in 
their  poisons.” 

Fermi  and  Pernossi  draw  the  following  conclusions  from  their 
studies  of  the  tetanus  poison  : (1)  Agar  cultures  are  the  most  poison- 
ous. Next  come  those  on  gelatin,  and  lastly  those  in  bouillon.  (2) 
Chickens,  snakes,  turtles  and  tritons  are  immune  to  the  poison.  (3) 
In  the  above-mentioned  animals  this  toxin  may  remain  and  retain  its 
virulence  for  three  days,  and  even  longer.  (4)  Filtrates  from  agar 
and  gelatin  cultures  are  more  resistant  to  heat  than  those  from 
bouillon.  Like  the  enzymes,  the  purer  the  tetanus  poison  the  less 
stability  does  it  possess.  (5)  Dissolved  in  water,  the  tetanus  poison 
is  rendered  inert  by  a temperature  of  55°,  but  in  the  dry  state  it  can 
be  heated  to  120°  without  loss  of  virulence.  (6)  When  the  dry 
poison  is  mixed  with  ether  or  chloroform  and  heated  to  80°,  it  is 
destroyed  ; but  with  amylic  alcohol  or  benzol,  a temperature  of  100° 
is  required  to  accomplish  this  result.  (7)  Dissolved  in  water,  this 
poison  is  destroyed  by  direct  sunlight  after  an  exposure  of  eight  to 
ten  hours  (with  the  highest  temperature  on  a blackened  thermometer 
at  56°)  and  after  fifteen  hours  when  the  temperature  does  not  exceed 
37°.  (8)  In  the  dry  state  the  tetanus  poison  can  be  exposed  to  the 

direct  sunlight  for  100  hours  without  loss  of  virulence.  (9)  Under 
the  action  of  an  electric  current  of  0.5  ampere,  continued  for  two 
hours,  the  substance  becomes  inert.  (10)  Gastric  juice  destroys  the 
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poison  through  the  activity  of  the  hydrochloric  acid  and  not  by  vir- 
tue of  the  pepsin.  (11)  Ptyalin,  diastase,  and  emulsin  have  no  action. 
The  effect  of  trypsin  has  not  been  satisfactorily  determined.  (12) 
Putrefactive  germs  do  not  destroy  the  poison.  (13)  The  living,  but 
not  the  dead,  intestines  of  guinea-pigs  and  cats,  destroy  the  poison. 

(14)  The  chick  does  not  destroy  and  does  not  absorb  the  poison. 

(15)  The  poison  may  be  eliminated  by  the  kidneys  and  retain  its 
properties  in  the  urine.  (16)  The  poison  is  not  a ferment. 

According  to  Ehrlich,1  the  tetanus  bacillus  produces  two  toxins, 
tetanospasmin  and  tetanolysin.  To  the  first  of  these  the  tetanic  con- 
vulsions are  due,  while  the  second  has  a hemolytic  action.  Both  of 
these  toxins  are  present  in  the  precipitate  formed  by  the  addition  of 
ammonium  sulphate  to  bouillon  cultures  of  the  tetanus  bacillus,  but 
they  do  not  always  exist  in  the  same  proportion.  One  culture  may 
have  a marked  tetanic  effect  and  manifest  but  little  hemolytic  action, 
while  a second  culture  may  dissolve  red  blood  corpuscles  promptly 
but  show  only  slight  action  on  the  central  nervous  system.  These 
toxins  also  differ  in  their  stability,  the  hemolytic  poison  being  the 
less  stable  and  undergoing  complete  destruction  when  heated  to  50° 
for  twenty  minutes.  When  a tetanus  culture  is  placed  in  a menstruum 
containing  red  blood  corpuscles,  the  greater  part  of  the  tetanolysin 
combines  with  the  corpuscles  while  the  tetanospasmin  remains  in 
solution  ; on  the  other  hand,  tetanospasmin  combines  with  nerve  cells, 
which  apparently  have  no  attraction  for  the  other  poison.  Each  ot 
these  substances  has  its  specific  antitoxin  and  in  the  blood  of  animals 
immunized  with  tetanus  cultures  one  or  the  other  antitoxin  may  pre- 
dominate. It  thus  happens  that  a serum  may  be  strongly  antispastic, 
while  it  is  but  slightly  antilytic,  or  the  reverse  may  be  true. 

Madsen  2 has  made  a special  study  of  tetanolysin.  He  obtained  a 
mixed  toxin  by  precipitation  of  a bouillon  culture  of  the  tetanus 
bacillus  with  ammonium  sulphate.  The  poison  thus  secured  was  of 
medium  strength,  the  fatal  dose  for  mice  of  15  grams  body  weight, 
being  0.000,001  gram.  This  poison  dissolves  the  red  blood  cor- 
puscles of  rabbits,  goats,  sheep,  horses  and  other  animals.  The 
blood  of  the  horse  and  that  of  the  rabbit  was  found  to  be  especially 
susceptible,  while  that  of  the  goat  was  less  so.  For  experimental 
purposes  the  defibrinated  blood  of  the  rabbit  diluted  with  0.85  per 
cent,  of  common  salt  solution  to  5 per  cent.,  was  used.  For  pur- 
poses of  demonstration  this  diluted  blood  was  placed  in  tall  test- 
tubes  of  Jena  glass.  This  gave  opportunity  for  the  observation  of 
the  effects  of  the  toxin  on  the  corpuscles  during  the  process  of  sub- 
sidence. To  the  tubes  thus  prepared  varying  cjuantities  of  the  poison 
were  added,  mixed,  allowed  to  stand  for  one  hour  at  37°,  and  then 
kept  over  night  at  a low  temperature.  The  ultimate  result  was  ob- 

1 Berliner  klinische  Wnchenechrift,  1898,  273. 

* Zeitschrift fur  Hygiene,  32,  214. 
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served  twenty-four  hours  after  the  poison  was  added.  The  quantity 
of  the  poison  used  in  the  experiments  of  Madsen  varied  from  1.2 
c.c.  of  a one  per  cent,  solution  to  0.2  c.c.  of  a 0.01  per  cent,  solution, 
and  a control  tube  containing  no  toxin  served  for  contrast.  In  this 
way  the  effects  of  different  quantities  of  the  poison  were  made  plainly 
manifest  to  the  eye.  In  those  tubes  containing  the  larger  quantities 
of  the  poison  all  the  corpuscles  were  dissolved  and  there  remained 
a blood-red  solution,  uniform  in  tint  from  top  to  bottom.  As  the 
amount  of  the  poison  was  diminished  the  number  of  undissolved 
corpuscles  collected  at  the  bottom  of  the  tube  was  increased  and  the 
color  of  the  supernatant  fluid  grew  less  intense  towards  the  top. 
With  the  larger  quantities  of  poison  the  destruction  of  corpuscles 
was  practically  instantaneous  and  occurred  before  there  was  time  for 
subsidence,  while  in  the  more  diluted  solutions  the  corpuscles  parti- 
ally subsided  before  they  were  acted  upon  by  the  toxin.  It  was  thus 
demonstrated  that  there  is  a latent  period  in  the  action  of  the  poison 
and  that  this  period  increases  as  the  quantity  of  the  toxin  is  di- 
minished. It  was  also  found  that  lowering  the  temperature  increased 
for  a given  amount  of  the  poison  the  latent  period.  It  was  also 
rendered  highly  probable  that  the  individual  corpuscles  vary  mark- 
edly in  their  resistance  to  the  hemolytic  action  of  the  poison. 
Furthermore,  it  was  shown  that  some  corpuscles  are  more  resistant 
or  less  resistant  to  this  toxin  than  to  other  hemolytic  poisons.  Thus, 
corpuscles  that  were  found  to  be  especially  susceptible  to  tetanolysin 
were  less  resistant  to  another  hemolytic  poison,  crotin. 

Madsen  continued  his  interesting  work  and  showed  that  the 
hemolytic  action  of  tetanolysin  can  be  neutralized  by  an  antitoxic 
serum.  In  these  experiments  he  used  a tetanus  serum  each  gram  of 
which  contained  fifty  immunity  units  against  tetanospasmin.  This 
antitoxic  serum  was  diluted  to  one-half  per  cent,  with  a mixture 
of  glycerin  and  common  salt  solution.  This  was  designated  as  his 
“ stock  solution  ” and  was  further  diluted  to  one-fortieth  of  one  per 
cent,  with  physiological  salt  solution  for  purposes  of  experimenta- 
tion. It  was  found  that  for  the  complete  neutralization  of  two  c.c. 
of  the  toxin  from  1.3  to  1.4  c.c.  of  the  ^ per  cent,  antitoxin  solu- 
tion was  needed  ; i.  e.,  when  a mixture  containing  two  c.c.  of  toxin 
solution  and  1.3  c.c.  of  the  diluted  antitoxin  solution  was  added 
to  diluted  defibrinated  blood,  the  corpuscles  remained  unaffected. 
Following  the  method  pursued  by  Ehrlich  in  his  studies  of  the 
diphtheria  toxin,  Madsen  tried  the  effect  of  the  partial  neutralization 
of  the  tetanolysin  with  antitoxin.  As  a result  of  these  experiments 
he  found  that  when  0.10  c.c.  of  the  antitoxin  solution  (which  is  one- 
thirteenth  of  the  amount  necessary  to  completely  neutralize  two  c.c. 
of  the  poison)  was  added  to  two  c.c.  of  the  poison  the  hemolytic 
action  of  the  toxin  was  decreased  to  one-half  its  value,  and  that 
when  0.25  c.c.  of  the  antitoxin  (one-fifth  of  the  amount  necessary 
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for  complete  neutralization)  was  added  to  two  c.c.  of  the  toxin,  the 
latter  lost  nine-tenths  of  its  effect.  From  these  and  other  experi- 
ments Madsen  reaches  the  following  conclusions  : 

1.  In  cultures  of  the  tetanus  bacillus,  there  is  besides  tetanospasmin 
another  poison,  tetanolysin,  for  which  there  is  a specific  antitoxin, 
which  may  be  designated  as  antilysin. 

2.  The  action  of  this  lysin  and  its  anti-body  can  be  measured  with 
great  exactness  by  methods  of  color  comparison. 

3.  Tetanolysin  combines  with  the  red  blood  corpuscles  and  the 
combination  is  preceded  by  a latent  period  which  depends  upon  the 
amount  of  poison  and  the  temperature. 

4.  Investigation  shows  that  tetanolysin  presents  a complicated 
neutralization  reaction  which  resembles  very  closely  that  of  the 
diphtheria  poison. 

5.  The  substance  consists  of  halves  which  differ  in  certain  funda- 
mental properties.  One  half  of  the  poison,  consists  of  three  sub- 
stances, prototoxin,  deuterotoxin,  and  tritotoxin. 

6.  The  prototoxin  makes  up  only  one-tliird  of  the  quantity  of  the 
poison  but  possesses  one-half  of  the  hemolytic  action.  Like  the 
prototoxin  of  diphtheria  poison,  this  substance  is  readily  changed  to 
prototoxoid,  and  in  undergoing  this  transformation  it  loses  its  toxic- 
ity but  retains  its  combining  power. 

7.  The  deuterotoxin  makes  up  one-ninth  of  the  poison  but  pos- 
sesses two-fifths  of  the  total  hemolytic  action.  This  substance  re- 
sembles the  deuterotoxin  of  the  diphtheria  poison  and  is  relatively 
resistant  to  untoward  influences. 

8.  The  tritotoxin  makes  up  one-fourth  of  the  poison  but  possesses 
only  one-tenth  of  the  poisonous  action.  While  the  prototoxin  and 
deuterotoxin  act  both  under  high  and  low  temperatures,  the  trito- 
toxin has  no  action  at  a temperature  below  10°.  Special  experi- 
ments show  that  the  tritotoxin  combines  with  the  red  blood  corpus- 
cles not  only  in  smaller  quantity  than  the  other  toxins,  but  that  its 
toxophorous  group  is  much  less  powerful  than  that  of  the  proto-  and 
deutero  toxins. 

9.  The  second  half  of  the  toxin  possesses  very  minute  toxicity 
and  is  known  as  toxon. 

10.  The  most  important  result  of  the  experiments  lies  in  the  de- 
termination that  in  tetanolysin,  as  in  diphtheria  toxin,  there  are  two 
groups,  a haptophorous  group  by  which  the  substance  combines  with 
antitoxin,  and  a toxophorous  group  by  which  the  combination  with 
the  red  blood  corpuscles  and  the  hemolytic  action  are  effected.  Of 
these  groups  the  first  one  is  relatively  stable  while  the  latter  is  easily 
modified  and  in  this  process  of  modification  the  toxin  becomes  a 
toxoid. 

11.  The  probabilities  are  that  tetanospasmin  has  a neutralization 
structure  similar  to  that  possessed  by  tetanolysin. 
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By  separating  the  blood  corpuscles,  which  have  been  exposed  to 
the  action  of  varying  quantities  of  tetanolysin  for  different  periods 
ot  time,  in  a centrifuge,  and  subsequently  treating  them  with  tetanus 
antitoxin,  Madsen  1 has  shown  that  the  poison  can  be  separated  from 
the  corpuscles  provided  a sufficient  quantity  of  antitoxin  is  added 
before  hemolysis  occurs.  In  this  way  he  has  demonstrated  that  the 
antitoxin  may  act  as  a curative  agent,  as  well  as  a preventive. 

Ransom 2 has  shown  that  both  the  toxin  and  antitoxin  of  tetanus 
pass  without  change  from  the  blood  into  the  lymph.  Shortly  after 
the  intravenous  injection  of  the  toxin  it  is  found  equally  distributed 
between  the  blood  and  the  lymph,  while  the  antitoxin  remains  in 
comparative  excess  in  the  blood.  From  these  observations  it  is  con- 
cluded that  the  toxin  behaves  like  inorganic  substances  in  passing 
from  the  blood  into  the  lymph,  while  the  antitoxin  resembles  more 
closely  the  proteids  in  this  respect. 

Bruschettini  has  studied  the  distribution  of  the  tetanus  poison  in 
the  body  and  its  elimination  ; animals  poisoned  by  injections  of  the 
toxin  were  killed  just  before  death,  and  bits  of  various  organs  rubbed 
up  with  sterilized  water  were  injected  into  other  animals.  Emul- 
sions from  the  liver  and  suprarenal  capsule  were  invariably  without 
effect,  while  those  from  the  kidney  were  constantly  poisonous.  The 
blood  taken  from  the  vena  cava  was  found  to  be  poisonous  in  three 
out  of  four  experiments.  When  injections  were  made  under  the  skin 
the  lumbar  cord  was  active  in  four  out  of  eight  cases,  and  in  all 
when  the  injections  were  made  directly  into  the  sciatic  nerve.  When 
the  inoculations  were  made  under  the  dura  mater,  the  brain  was 
found  to  be  active,  while  the  lumbar  cord  remained  inactive ; it  fol- 
lows from  this  that  the  toxin  not  only  circulates  in  the  blood,  but  is 
deposited  in  the  central  nervous  system.  This  author  has  also  shown 
that  tetanus  toxin  is  eliminated  by  the  kidneys.  Bruner  in  several 
cases  of  tetanus  in  man,  Stern  in  two,  and  Brieger  in  one  case,  were 
not  able  to  induce  tetanus  in  animals  by  injecting  even  large  amounts 
of  the  urine  of  their  patients.  This  does  not  cast  doubt  upon  the 
accuracy  of  the  report  of  Bruschettini  ; it  only  shows  that  the  poison 
is  not  in  all  cases  eliminated  by  the  kidney  in  sufficient  quantity 
to  render  the  urine  highly  toxic.  In  a fatal  case,  Vulpius  failed  to 
induce  tetanus  with  the  urine  voided  during  life,  but  succeeded  with 
that  found  in  the  bladder  after  death. 

Donitz3  has  shown  that  tetanus  toxin  combines  almost  instan- 
taneously with  the  cells  of  the  central  nervous  system.  In  his  ex- 
periments he  employed  twelve  times  the  minimum  lethal  dose  of  toxin, 
and  injected  this  directly  into  a vein  of  the  ear.  He  first  determined 
the  amount  of  antitoxin  which,  mixed  with  this  quantity  of  toxin  in 

1 Zeitschrift  fur  Hygiene , 32,  239. 

2 Zeitschrift  fir  physiol.  Chan.,  29,  1900. 

3 Deutsche  med.  Wochenschrift,  1897,  428. 
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vitro,  was  necessary  for  complete  neutralization.  When  the  toxin  in 
this  amount  was  injected  intravenously  and  the  corresponding  amount 
of  antitoxin  injected  into  the  same  vein  of  the  opposite  ear  within 
two  minutes,  the  animals  invariably  died  of  tetanus.  In  order  to  save 
his  animals  treated  with  this  amount  of  toxin  it  was  found  necessary 
to  nearly  double  the  dose  of  antitoxin  when  injected  within  two 
minutes ; while  if  four  minutes  elapsed  between  the  injection  of  the 
toxin  and  the  antitoxin,  six  times  the  quantity  necessary  for  neutrali- 
zation in  vitro  was  required,  and  when  this  time  was  extended  to 
one  hour,  twenty-four  times  this  amount  was  necessary.  Of  course, 
in  the  disease  the  toxin  is  generated  slowly  and  in  relatively  small 
amounts ; therefore,  the  proportion  between  toxin  and  antitoxin 
necessary  to  neutralize  the  effects  of  the  former  is  not  found  to  be  so 
great.  The  same  experimenter  demonstrated  that  when  tetanus  is 
induced  by  inoculation  with  the  bacillus,  the  antitoxin  may,  experi- 
mentally at  least,  serve  as  a curative  agent.  He  has  also  shown  that 
animals  treated  with  very  small  quantities  of  tetanus  toxin  may  die 
of  marasmus,  and  thus  there  may  be  such  a thing  as  tetanus  sine 
tetano.  This  has  been  observed  in  some  other  infectious  diseases. 

Wassermann  and  Takaki, 1 have  shown  that  tetanotoxin  combines 
with  nervous  tissue,  forming  a compound  which,  when  injected  into 
susceptible  animals,  is  found  to  be  inert.  They  prepared  a solution 
of  tetanotoxin,  to  which  an  equal  part  of  glycerin  was  added  for  pres- 
ervation purposes.  This  solution  was  of  such  strength  that  one 
thousandth  of  a cubic  centimeter  sufficed  to  kill  mice  in  the  course  of 
three  days.  Quantities  of  this  solution,  containing  from  one  to  ten 
fatal  doses  were  rubbed  up  into  emulsions  with  the  substance  of  the 
spinal  cord  or  brain,  and  this  mixture  was  injected  subcutaneously 
into  mice.  As  a control,  equal  quantities  of  tissue  from  the  liver, 
kidney,  spleen,  and  bone  marrow  were  mixed  in  the  same  way  with 
the  tetanotoxin  and  likewise  injected  into  mice.  As  a further  control, 
corresponding  amounts  of  tetanus  poison  without  admixture  with  any 
tissue  were  injected.  In  the  preparation  of  the  emulsions  the  organs 
were  taken  from  animals  immediately  after  death  and  rubbed  up  in 
a mortar  with  physiological  salt  solution.  For  the  cord  from  a 
guinea-pig,  3 c.c.  of  salt  solution  were  used,  and  for  the  brain  from 
the  same  animal,  10  c.c.  were  employed.  By  these  experiments  it 
was  conclusively  demonstrated  that  the  normal  cord  and  brain  form 
an  inert  compound  with  the  toxin  of  tetanus,  while  none  of  the  other 
organs  has  any  such  effect.  It  was  found  from  about  two  hundred 
experiments  that  one  cubic  centimeter  of  the  brain  emulsion  neutral- 
izes ten  fatal  doses  of  the  tetanus  toxin,  and  has  a marked  inhibitory 
action  on  several  times  this  amount.  The  antitoxic  action  of  the 
cord  was  found  to  be  less  marked  than  that  of  the  brain  substance. 
This  is  somewhat  unexpected,  inasmuch  as  the  symptoms  manifested 
1 Berliner  klinische  Wochemchrift,  35,  1898. 
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in  tetanus  are  supposed  to  be  referable  to  the  action  of  the  toxin  on 
the  cord  rather  than  on  the  brain.  These  experiments  were  repeated 
with  brain  and  cord  substance  obtained  from  pigeons,  rabbits,  horses, 
and  men  with  practically  the  same  results  in  all  instances.  By  means 
of  the  centrifuge,  the  brain  emulsion  with  the  toxin  was  separated 
into  a deposit  and  a clear  supernatant  fluid,  and  it  was  demonstrated 
by  this  means  that  the  combined  toxin  and  brain  substance  was  to 
be  found  in  the  deposit.  In  other  words,  it  was  shown  that  the 
supernatant  fluid  had  no  antitoxic  action.  The  same  was  found  to 
be  true  of  fluids  obtained  from  the  ventricles  of  the  brain.  These 
experiments  seem  to  demonstrate  that  chemical  combination  takes 
place  between  the  toxins  introduced  into  the  body  and  the  formed 
cells,  and  that  solution  of  both  substances  entering  into  the  compound 
is  not  essential. 

Roux  and  Borrel, 1 have  demonstrated  by  a series  of  carefully  con- 
ducted experiments  that  small  doses  of  tetanus  toxin  when  injected 
directly  into  the  brain  substance  kill  animals,  while  much  larger 
quantities  of  the  same  poison  are  required  when  the  injection  is  made 
subcutaneously  or  intravenously.  This  undoubtedly  is  due  to  the 
fact  that  when  intracerebral  injection  is  made,  all  of  the  toxin  im- 
mediately combines  with  the  side  chains  of  the  brain  cells,  inflicting 
upon  this  tissue  an  injury  to  which  the  animal  speedily  succumbs. 

According  to  Ledantec,  the  poisonous  arrows  of  the  natives  of  the 
New  Hebrides  are  prepared  as  follows  : The  points,  which  are  usu- 
ally made  from  human  bones,  are  first  covered  with  a vegetable  resin, 
then  smeared  with  the  slime  of  swampy  places. 

Roncali  has  tested  forty  different  germs,  some  of  them  pathogenic 
and  others  non-pathogenic,  in  endeavoring  to  find  one  which  would 
neutralize,  either  by  its  growth  in  the  body  or  by  the  action  of  its 
products,  the  tetanus  poison.  His  results  were  wholly  negative. 
The  tetanus  poison  was  found  to  act  more  energetically  in  animals 
inoculated  with  other  bacteria  or  treated  with  their  products,  and  in 
no  case  was  there  any  evidence  of  antagonism  in  action. 

Diphtheria. — In  1887,  Loeffler  attempted  to  ascertain  the  nature 
of  the  diphtheria  toxin.  A flask  of  bouillon  containing  pepton  and 
grape  sugar  was,  three  days  after  it  had  been  inoculated  with  the 
bacillus,  evaporated  to  10  c.c.  and  this  was  injected  into  an  animal, 
but  was  without  effect.  A second  flask  of  the  same  material  was 
extracted  with  ether,  but  this  extract  was  also  found  to  be  inert. 
Next,  some  neutral  beef  broth  was  extracted  with  glycerin  four  or 
five  days  after  it  had  been  inoculated  with  the  bacillus.  The  glycerin 
extract,  when  treated  with  five  times  its  volume  of  absolute  alcohol, 
deposited  a voluminous,  flocculent  precipitate,  which  was  collected, 
washed  with  alcohol,  dried  and  dissolved  in  water.  Further  precip- 
1 Annales  de  P Institut  Pasteur,  12,  1898. 
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itation  with  alcohol  and  a current  of  carbonic  acid  gas,  secured  a 
white  substance,  and  the  injection  of  from  0.1  to  0.2  gram  of  this 
substance  subcutaneously  in  guinea-pigs,  caused  marked  pain,  fol- 
lowed by  a fibriuous  swelling  with  hehiorrhages  into  the  muscles  and 
oedema,  terminating  in  necrosis.  From  these  studies  Loeffler  con- 
cluded that  the  poison  belongs  to  the  enzymes. 

Roux  and  Yersin  found  that  bouillon  cultures  from  which  the 
bacillus  had  been  removed  by  filtration  through  a Chamberland  filter 
are  poisonous,  especially  cultures  that  are  four  or  five  weeks  old. 
The  results  obtained  varied  with  the  amount  of  the  fluid,  the  species 
of  animal,  and  the  method  of  administration.  The  effects  observed 
were  a serous  exudate  into  the  pleural  cavity,  marked  acute  inflam- 
mation of  the  kidney,  fatty  degeneration  of  the  liver,  especially 
after  injection  into  a blood  vessel,  and  cedematous  swelling  in  the 
surrounding  tissue  after  subcutaneous  inoculation.  In  some  in- 
stances, paralysis,  generally  in  the  posterior  extremities,  followed. 
The  action  of  the  poison  was  slow,  and  death,  as  a rule,  occurred 
days,  and  in  some  cases,  weeks  after  treatment,  and  was  preceded  by 
marked  emaciation.  The  cultures  first  employed  were  seven  days 
old ; older  cultures  (six  weeks)  contain  more  of  the  toxin,  and  the 
symptoms  appear  within  a few  hours.  In  cultures  especially  rich  in 
the  poison,  a small  amount  (from  0.2  to  2 c.c.)  injected  under  the  skin 
in  guinea-pigs,  suffices  to  induce  the  symptoms.  Heating  to  100° 
for  twenty  minutes  renders  the  poison  inert,  and  a temperature  of  58° 
maintained  for  two  hours  markedly  lessens  its  virulence.  The  toxin 
is  precipitated  by  absolute  alcohol,  and  is  carried  down  mechanically 
by  the  addition  of  calcium  chlorid  to  the  filtered  cultures.  The 
great  toxicity  of  this  substance  is  indicated  by  the  statement  of  Roux 
and  Yersin,  that  0.4  mg.  suffices  to  kill  eight  guinea-pigs  or  two 
rabbits  ; and  that  0.02  g.  of  the  calcium  chlorid  precipitate,  containing 
about  0.2  mg.  of  the  pure  poison  will  kill  a guinea-pig  within  four 
days. 

Brieger  and  Friinkel  employed  cultures  of  bouillon  and  pepton 
containing  from  five  to  six  per  cent,  of  glycerin,  and  others  contain- 
ing two  per  cent,  of  blood  serum  ; the  latter  were  found  to  be  most 
suitable.  In  all  cases  they  confirmed  the  statement  of  Roux  and 
Yersin,  that  the  cultures,  at  first  alkaline,  become  strongly  acid,  and 
finally  again  alkaline,  with  the  exception  that  the  glycerin  cultures 
remain  acid.  For  the  removal  of  the  bacteria  two  methods  were 
employed.  First,  the  bacilli  were  destroyed  by  heat ; when  a tem- 
perature of  100°  was  employed  the  cultures  became  inert,  but  it  was 
found  that  exposure  for  from  three  to  four  hours  to  50°  was  sufficient 
to  destroy  the  germ,  while  the  virulence  of  the  toxin  was  not  affected. 
The  second  method  of  removing  the  bacteria  consisted  in  filtration 
through  a Chamberland  filter.  The  germ-free  filtrate  could  be  heated 
to  50°  without  loss  of  toxicity,  while  a temperature  of  60°  rendered 
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it  inert.  In  the  majority  of  the  experiments  the  filtration  method 
was  used,  and  in  this  way  a large  quantity  of  a poisonous  fluid  of 
uniform  strength  was  obtained.  Varying  amounts  of  this  fluid  were 
used  upon  animals,  mostly  guinea-pigs  and  rabbits,  and  it  was  found 
that  the  effects  depended  upon  the  quantities  employed  and  the 
methods  of  administration.  In  all  cases  in  which  death  did  not  oc- 
cur too  early,  paralysis  appeared.  The  limbs  were  first  paralyzed, 
and  this  was  true  whether  the  fluid  was  administered  intravenously 
or  subcutaneously.  The  post-mortem  appearances  were  identical 
with  those  observed  after  inoculation  with  the  bacillus,  with  the  ex- 
ception of  the  absence  of  the  pseudo-membrane.  After  subcutaneous 
injection  there  was  a gelatinous,  grayish-white,  sometimes  reddish, 
cedematous  fluid,  formed  at  the  point  of  injection,  and,  after  large 
doses,  necrosis.  In  cases  in  which  death  was  delayed,  there  were 
effusions  in  the  pleura,  fatty  degeneration  of  the  liver,  and  inflam- 
mation of  the  kidneys. 

Brieger  and  Friinkel  conclude  this  part  of  their  report  with  the 
following  statement : “We  have  shown  that  the  Loeffler  diphtheria 
bacillus  produces  in  its  cultures  a poisonous,  soluble  substance,  sep- 
arable from  the  bacteria,  which  causes  in  susceptible  animals  the 
same  phenomena  induced  by  inoculation  with  the  living  micro-organ- 
ism. We  have  further  shown  that  this  substance  is  destroyed  by  a 
temperature  over  60°,  but  that  it  can  be  heated  to  50°,  even  in  the 
presence  of  an  excess  of  hydrochloric  acid,  without  being  destroyed. 
This  last  fact  is  contrary  to  the  assumption  that  the  chemical  poison 
of  the  diphtheria  bacillus  is  a ferment  or  an  enzyme.” 

The  filtered  cultures  were  tested  for  basic  products,  but  with  neg- 
ative results,  excepting  that  small  amounts  of  creatinin  and  cholin 
were  found.  They  were  also  distilled  at  from  20°  to  35°  in  a vacuum, 
but  the  distillate  was  found  to  be  inert.  The  toxin  is  soluble  in 
water,  insoluble  in  alcohol,  and  non-dialyzable.  It  is  precipitated 
by  saturation  with  ammonium  sulphate.  As  a result  of  their  first 
work  on  this  subject,  Brieger  and  Friinkel  concluded  that  the  diph- 
theria toxin  is  a toxalbumin  ; however,  they,  as  well  as  others,  have 
since  learned  that  while  the  body  obtained  by  them  contained  the 
toxin,  the  bulk  of  it  was  made  up  of  other  substances. 

Taugl  has  shown  experimentally  that  the  toxin  is  formed  in  the 
body  as  well  as  in  culture  flasks.  A large  piece  of  pseudo-membrane 
was  macerated  in  an  ice-chest  in  water  for  twenty-four  hours,  and 
then  filtered  through  porcelain.  The  filtrate,  injected  into  animals, 
produced  all  the  symptoms  that  had  been  obtained  by  similar  em- 
ployment of  artificial  cultures.  The  same  observer  found  that  in 
6ome  cases  in  which  the  animals  were  inoculated  with  the  sterilized 
culture  through  the  mucous  membrane  a pseudomembrane  formed  at 
the  point  of  injection.  Diphtheria  toxin  has  also  been  found  in  the 
tissues,  blood,  and  urine. 
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While  crude  diphtheria  toxin,  in  the  form  of  sterilized  cultures  of 
the  bacillus,  has  been  used  in  securing  immunity  and  in  the  produc- 
tion of  antitoxin,  which  has  proved  to  be  of  such  priceless  value  in 
the  treatment  of  the  disease,  no  one  has  up  to  the  present  time  been 
able  to  isolate  the  poison,  and  we  remain  ignorant  of  its  chemical 
constitution. 

From  a large  number  of  most  carefully  conducted  experiments 
with  the  toxin  and  antitoxin  of  diphtheria,  Ehrlich  1 has  formulated 
a theory  concerning  the  constitution  of  the  former.  This  theory  has 
undergone  several  modifications  since  it  was  first  proposed,  and  it  is 
difficult  to  give  an  exact  statement  of  it  as  it  now  stands.  However, 
we  will  attempt  to  state  in  condensed  form  its  essential  points  as 
follows  : 2 

1.  Toxins  and  antitoxins  neutralize  one  another  after  the  manner 
of  chemical  reagents.  The  chief  reasons  for  this  belief  lie  in  the  ob- 
served facts  (a)  that  neutralization  takes  place  more  rapidly  in  con- 
centrated than  in  dilute  solutions,  and  ( b ) that  warmth  hastens  and 
cold  retards  neutralization.  From  these  observations  Ehrlich  con- 
cludes that  toxins  and  antitoxins  act  as  chemical  reagents  do  in  the 
formation  of  double  salts.  A molecule  of  the  poison  requires  an 
exact  and  constant  quantity  of  the  antitoxin  in  order  to  produce  a 
neutral  or  harmless  substance.  This  implies  that  a specific  atomic 
group  in  the  toxin  molecule  combines  with  a certain  atomic  group  in 
the  antitoxin  molecule. 

2.  The  antitoxin  is  a reaction  product  of  the  living  organism  and 
not  a transformation  product  of  the  toxin  introduced  in  securing  im- 
munity. It  is  thought  that  when  the  toxin  is  introduced  into  the 
animal  body  in  small  quantities  it  combines  with  certain  side-chains 
in  the  molecules  of  the  living  cells.  These  side-chains  are  supposed 
to  be  necessary  for  the  proper  functioning  of  the  cells,  which,  finding 
themselves  deprived  in  part  of  their  function  on  account  of  combi- 
nation with  the  toxin,  produce  other  and  similar  atomic  groups  or 
side-chains,  and  these  being  formed  more  rapidly  than  they  are 
taken  up  by  the  toxin,  are  cast  off  into  the  blood  and  constitute  the 
antitoxin.  For  instance,  when  a small  quantity  of  tetanus  toxin  is 
introduced  into  the  animal  body  it  combines  with  certain  side-chains 
in  the  molecules  of  the  cells  of  the  central  nervous  system  and 
renders  these  atomic  groups  useless  so  far  as  the  function  of  the  cell 
is  concerned.  The  cell,  in  order  to  compensate  for  its  loss,  produces 
another  side-chain  similar  to  the  one  of  which  it  has  been  deprived. 
Being  called  upon  repeatedly  to  exercise  this  activity,  there  is  not 
only  compensation,  but  over-compensation,  and  the  result  is  that  more 
side-chains  are  formed  than  the  cell  can  use,  aud  these  break  off  and 

1 Die  Wertbemessung  des  Diphtheriaheilserums  und  deren  theoretisobe  Grund- 

lagen. 

2 For  a more  detailed  statement  of  Ehrlich’s  theory  see  Chapter  VII. 
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float  away  in  the  blood,  constituting  the  antitoxin.  Moreover,  the 
atomic  group  or  side-chain,  after  being  liberated  from  the  cell,  may 
possibly  acquire  greater  avidity  for  combination  with  the  toxin ; or, 
in  other  words,  the  toxin  will  combine  more  readily  with  these  side- 
chains  when  free  and  floating  in  the  blood  than  when  they  constitute 
parts  of  the  molecules  of  the  cells. 

3.  The  diphtheria  toxin,  as  it  exists  in  sterilized  cultures,  is  com- 
posed of  equal  parts  of  toxin  and  toxon.  The  toxon,  which  accord- 
ing to  this  theory  is  supposed  to  exist  in  the  diphtheria  culture,  i& 
believed  to  be  without  any  serious  effect  upon  animals.  It  may 
cause  local  oedema,  but  never  kills.  Ehrlich’s  theory  supposes  that 
the  toxon,  which  we  may  regard  as  inert,  has  quantitatively  the  same 
power  of  combination  with  antitoxin  as  is  possessed  by  the  toxin, 
but  combines  with  the  antitoxin  with  less  avidity.  In  order  to 
understand  why  the  theory  provides  for  the  existence  of  toxin  and 
toxon  in  equal  quantities  in  the  diphtheria  culture,  we  will  use  cer- 
tain formulae  proposed  by  Ehrlich  : 

T=  the  minimum  fatal  dose  of  the  toxin  (a  quantity  sure  to  kill 
a guinea-pig  of  250  grams  weight  within  five  or  six  days). 

1=  one  immunity  unit  which  is  capable  of  neutralizing  the  effects 
of  100  T. 

Now,  if  I be  mixed  with  100  7 and  injected  into  an  animal,  no 
ill  effect  results.  If  the  toxin  were  a simple  body,  I plus  100  7 
plus  T should  kill  one  animal.  But  experimentally  we  find  that 
this  amount  has  no  effect,  and  must  be  greatly  increased  before  there 
is  enough  free  toxin  in  the  mixture  to  kill.  Ehrlich  represents  the 
quantity  of  poison  necessary  to  neutralize  I by  L0.  Then  I plus  LQ 
is  a mixture  which  contains  neither  free  toxin  nor  free  antitoxin  and 
is  wholly  without  effect  upon  animals.  By  L+  he  indicates  the  quan- 
tity of  poison  which  must  be  added  to  I in  order  to  kill  a guinea-pig 
of  250  grams  weight  within  five  or  six  days.  Let  us  suppose  that 
in  a given  culture  T — 0.01  c.c.,  then  I = 1.00  c.c.  = 100  T.  L0  = 
1.00  c.c.  = 100  T.  Now,  if  this  were  a poison  like  strychnia  we 
would  expect  that  L+  = 1.01  c.c.  = 101  T,  would  kill,  but  in  reality, 
as  has  been  stated,  we  find  that  we  have  to  add  more  of  the  toxin  to 
L0  in  order  to  produce  fatal  results  with  the  mixture,  and  we  have 
theoretically  the  following : 

T==  0.01  c.c. 

L+  = 2.01  c.c.  = 201  T. 

L0  = 1.00  c.c.  = 100  T. 

~D  = 1.0 1 c.c.  = 101  T. 

As  here  figured  out,  Ehrlich’s  theory  which  provides  for  the  ex- 
istence in  the  crude  toxin  of  equal  parts  of  toxin  and  toxon,  is  the 
only  possible  explanation.  In  L0  both  toxin  and  toxon  are  fully 
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combined  with  antitoxin.  When  more  toxin  is  added  the  antitoxin 
is  dissociated  from  the  toxou  and  combines  with  the  toxin  because 
it  has  greater  affinity  for  the  latter  substance.  This  continues  until 
all  the  antitoxin  is  separated  from  the  toxon  and  combined  with  the 
toxin,  and  there  can  be  no  free  toxin  until  this  point  is  reached. 
Practically,  however,  while  the  difference  between  L+  and  L0  is  always 
more  than  1,  it  is  never  as  great  as  101.  Therefore,  we  must  con- 
clude that  while  there  is  reason  for  believing  that  there  exists  in 
diphtheria  cultures  substances  corresponding  to  Ehrlich’s  toxin  and 
toxon,  the  facts  do  not  justify  the  statement  that  these  bodies  exist 
in  equal  quantities.  Moreover,  as  has  been  pointed  out  by  Park  and 
Atkinson,1  the  standard  for  T is  arbitrary  and  it  might  have  been 
placed  at  the  amount  necessary  to  kill  a guinea-pig  of  250  grams 
within  ten  days,  or  to  cause  death  from  paralysis  within  two  or  three 
weeks.  The  same  critics  state  : “ Even  if  the  toxin  molecule  be 
divided  as  he  (Ehrlich)  believes,  still  in  any  given  bouillon  there  is 
actual  destruction,  as  well  as  production,  going  on  all  the  time  of  all 
substances,  not  only  those  toxic  to  guinea-pigs,  but  also  of  those 
which,  though  non-toxic,  still  neutralize  antitoxin.” 

4.  It  is  observed  frequently  that  while  the  toxicity  of  a given 
sterilized  culture  decreases  on  standing,  the  quantity  of  antitoxin 
which  it  will  neutralize  remains  constant.  This  observation  has 
caused  Ehrlich  to  provide  in  his  theory  for  the  toxoids  which  have 
already  been  mentioned  (p.  35). 

Flexner2  has  studied  quite  minutely  and  exhaustively  the  patho- 
logical lesions  induced  by  certain  bacterial  toxins.  Concerning  the 
gross  appearances  after  death  from  subcutaneous  or  intraperitoneal 
injections  of  sterilized  cultures  of  the  diphtheria  bacillus,  he  makes 
the  following  statement : “ Much  oedema,  sometimes  accompanied 
with  small  extravasations  of  blood  and  often  of  an  exquisite  gelati- 
nous type,  was  noted.  The  axillary  and  inguinal  glands  were 
always,  often  greatly,  enlarged  and  were  congested  or  thickly  dotted 
with  hemorrhages  within  the  substance  of  the  capsule  and  the  glandu- 
lar tissues.  The  corresponding  lymph  glands  on  the  opposite  side 
were  also  enlarged,  but  usually  less  so  than  those  on  the  side  of  the 
inoculation.  This  enlargement  involved  the  superficial  and  deep 
sets.  The  cervical  glands  along  the  carotids  and  trachea  to  the 
maxillae  also  showed  an  increase  in  size.  The  thyroids  were  without 
exception  deep  brownish-red  in  color.  The  thymus  gland  presented 
a rosy,  and  sometimes,  owing  to  hemorrhages,  a speckled  appearance  ; 
the  bronchial  and  pericardial  glands,  often  very  difficult  to  find  in 
the  healthy  animal,  were  quite  prominent ; the  mediastinal  glands 
were  swollen  and  congested  or  ecchymotic.  The  mesenteric  and 
retroperitoneal  glands  were  also  enlarged,  and  sometimes  considerably 

1 Exvei'imentcU  Medicine,  3,  513. 

1 Johns  Hopkins  Hospital  Reports,  6,  259. 
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softened.  The  patches  of  Peyer  in  the  intestine  at  times  showed  up 
with  a prominence  sufficient  to  enable  them  to  be  detected  through 
the  serosa  of  the  intestine.  The  peritoneal  cavity  often  contained  an 
excess  of  clear  fluid  ; hydrothorax  also  occurred,  and  in  rare  instances 
reached  such  a high  degree  as  to  completely  compress  both  lungs,  the 
apices  alone  being  spared  and  insufflated.  The  pericardial  sac  was 
also  unduly  distended  with  a clear  serous  fluid.  The  adrenal  glands 
presented  a reddish  color  externally,  and  on  section  the  medulla  ap- 
peared deeply  congested  or  even  hemorrhagic.  The  kidneys  were 
often  pale.  The  liver  was,  as  a rule,  congested  and  exhibited  upon 
its  surface  and  within  its  substance  a variable  number  of  yellowish 
or  yellowish-white  areas,  some  not  larger  than  a pin-point,  others  2 
mm.  in  extent,  which  were  usually  surrounded  by  a hyperemic  zone. 
In  some  cases  a few  of  such  foci  could  be  discovered  with  the  naked 
eye  ; in  others  they  were  almost  innumerable.  The  spleen,  as  a rule, 
was  not  greatly  enlarged,  it  was  more  often  pale  than  congested,  and 
the  Malpighian  bodies  showed  distinctly.  The  lungs  varied  in  ap- 
pearance, the  difference  depending  apparently  not  so  much  upon  any 
pathological  alterations  of  which  they  were  the  seat,  but  rather  upon 
the  quantity  of  fluid  present  in  the  pleural  cavities.  The  heart  was 
pale,  the  chambers,  especially  of  the  right  side,  were  distended  with 
dark,  clotted  blood.  Subserous  hemorrhages,  especially  in  the  peri- 
toneal cavity,  were  an  interesting  but  variable  feature  of  the  disease.” 
The  same  observer  made  a close  microscopical  study  of  the  various 
tissues  of  animals  treated  with  crude  diphtheria  toxin.  In  the 
lymph  glands,  the  earliest  changes  were  found  to  consist  of  swelling 
of  the  nucleus  and  perhaps  also  of  the  protoplasm.  Under  larger 
doses  of  the  poison  the  nuclei  were  often  observed  to  be  homogeneous 
and  seemed  converted  into  granular  balls  of  variable  size,  staining 
evenly  and  intensely  but  exhibiting  a metachromatic  reaction. 
Under  still  larger  doses,  the  nuclei  were  observed  to  undergo  disin- 
tegration. The  fragmentation  was  irregular,  indicating  the  powerful 
effect  of  the  toxin.  In  some  cases  the  detritus  was  seen  within  the 
protoplasm  of  the  original  cell,  while  in  others  the  fragments  had 
become  free,  owing  to  the  destruction  of  the  cell  body.  Necrobiotic 
foci,  such  as  have  been  described  by  Oertel  after  death  from  diph- 
theria, were  observed  in  the  lymph  glands  in  certain  cases.  The 
spleen  was  generally  hyperemic,  the  excess  of  blood  being  contained 
within  the  sinuses  of  the  pulp.  The  earliest  changes  were  found  to 
consist  of  swelling  of  the  cells  of  the  Malpighian  bodies.  Mitotic 
division  was  observed  in  the  cells  but  did  not  seem  to  progress 
actively.  Pathological  alterations  were  found  in  the  pulp  affecting 
the  framework  and  the  vascular  contents.  In  the  intestines,  the 
most  pronounced  changes  were  encountered  in  the  epithelium.  These 
alterations  consisted  of  proliferation  by  mitosis  and  of  degeneration. 
There  was  extensive  fragmentation  of  cells  within  the  crypts  of 
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Lieberldihn.  In  Peyer’s  patches  the  changes  were  similar  to  those 
observed  in  other  lymphatic  structures.  There  was  no  evidence  of 
denudation  of  the  surface  in  any  part  of  the  alimentary  tract.  The 
mucosa  of  the  stomach  showed  only  insignificant  lesions.  The  sur- 
face of  the  liver  often  exhibited  small  yellow,  opaque  points  and 
lines  which  upon  section  were  found  to  extend  down  into  the  organ. 
These  points  and  lines  indicate  focal  degeneration  and  death  of  liver 
cells.  In  the  majority  of  instances  the  liver  was  congested  and 
showed  more  or  less  evidence  of  fatty  metamorphosis.  <l  The  kid- 
neys were  not  invariably  the  seat  of  fatty  changes,  but  it  was  the 
rule  to  find  more  or  less  fat  (1)  in  the  convoluted  tubules  of  the 
labyrinth,  (2)  in  the  straight  tubules,  and  (3)  in  the  glomeruli.  In 
some  instances  the  fatty  metamorphosis  of  the  epithelial  cells  was 
extreme.  In  all  cases,  practically,  the  cells  were  much  swollen  and 
coarsely  granular,  the  proteid  granules  being  combined  with  fat.  In 
rare  instances  a deposition  of  lime  salts  was  noted  in  the  straight 
tubules.  These  deposits  yielded  carbonic  acid  gas  on  the  addition 
of  strong  acids.  Among  the  most  interesting  changes  observed  was 
a hyaline  transformation  of  the  glomerular  capsules  and  smaller 
arteries.”  The  lesions  observed  in  the  lungs  were  confined  almost 
exclusively  to  the  vessels,  the  endothelial  cells  of  the  pulmonary 
branches  and  the  vesicular  capillaries  showed  fragmentary  degener- 
ation. The  adrenals  were  markedly  congested  with  occasional 
hemorrhages  into  the  tissues,  and  the  same  condition  was  observed 
in  the  thyroid  gland.  Fatty  metamorphosis  was  the  most  common 
pathological  condition  found  in  the  myocardium.  The  alterations 
observed  in  the  muscle  substance  of  the  heart  affected  both  the 
nuclei  and  the  protoplasm,  being  most  marked  in  the  former.  “ The 
earliest  and  most  common  appearance  consists  of  swelling  and  elon- 
gation of  the  nuclei  and  alteration  in  their  shape,  the  fibers  in  the 
meantime  showing  little  change.  Certain  nuclei  later  assume  a 
deeper  color,  owing  chiefly  to  an  intense  staining  of  three  or  four  or 
more  globular  bodies  in  their  interior ; but  soon  afterwards  the 
nuclear  membrane  either  degenerates  or  becomes  invisible,  and  the 
bodies  become  free  and  appear  as  fragments.  The  substance  of  the 
fibers  belonging  to  the  affected  nuclei  has  in  the  meantime  quite  dis- 
appeared or  takes  on  a swollen  and  an  attenuated  aspect.” 

Councilman,  Mallory,  and  Pearce1  have  made  a most  exhaustive 
study  of  the  gross  and  microscopical  lesions  found  in  man  after  death 
from  diphtheria.  Many  of  these  pathological  changes  are  evidently 
due  to  the  toxin  because  they  are  found  in  parts  of  the  body  not 
reached  by  the  bacillus.  In  the  lymph  nodes  the  most  characteristic 
lesion  was  found  to  consist  in  the  formation  of  discrete  foci  due  to 
cell  proliferation  combined  with  necrosis.  In  all  cases  they  observed 

' Diphtheria,  A Study  of  the  Bacteriology  and  Pathology  of  Two  Hundred  and 
Twenty  Fatal  Cases,  1901. 
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lesions  in  the  kidney  varying  from  simple  degeneration  to  the  more 
serious  condition  of  acute  nephritis.  The  more  severe  forms  of  de- 
generation were  observed  in  cases  which,  on  account  of  the  intensity 
of  the  poison,  succumbed  shortly  after  the  onset  of  the  disease.  The 
lesions  in  the  human  liver  differ  from  those  produced  experimentally 
in  animals  chiefly  in  the  greater  frequency  of  the  central  situation  of 
the  necrosis.  The  changes  in  the  intestines  consist  principally  of 
hyperplasia  of  the  lymphoid  structures.  “ The  slight  extent  of  the 
lesions  does  not  indicate  the  action  of  toxins  absorbed  from  the  ali- 
mentary canal ; they  are  probably  due  to  the  action  of  toxins  from 
the  blood  principally.  There  is  nothing  in  the  character  of  the  le- 
sions to  indicate  the  elimination  of  the  toxin  by  the  alimentary  canal.” 
In  the  heart  fatty  degeneration  was  observed  in  severe  cases  of  short 
duration  and  more  extensive  degenerations  in  more  prolonged  cases. 
The  pathological  changes  found  in  the  heart  are  often  sufficient  to 
account  for  the  impairment  of  this  organ  so  greatly  feared  in  this 
disease.  Thrombosis  occurs  frequently  and  is  due  to  primary  necro- 
sis of  the  endocardium.  The  changes  observed  in  the  lungs  in  man 
after  death  from  diphtheria  are  largely  due  to  other  microorganisms, 
among  which  the  pneumococcus  is  probably  the  most  important. 

Tuberculosis. — In  1865,  Villemin  demonstrated  the  infectious 
character  of  this  disease  by  inducing  it  in  animals  by  feeding  them 
upon  tuberculous  sputum  and  tissues.  In  1868,  Chauveau,  and,  a 
few  years  later,  Cohnheim  experimentally  confirmed  the  discovery  of 
Villemin,  which  must  be  regarded  as  one  of  the  most  important  con- 
tributions to  medical  knowledge  made  during  the  nineteenth  century. 
In  1878,  Tappeiner  showed  that  tuberculosis  might  be  transmitted 
by  the  inhalation  of  infected  dust.  However,  the  nature  of  the  in- 
fecting agent  in  tuberculous  tissue  remained  unknown  until  1882, 
when  Koch,  after  a most  exhaustive  research  covering  different  mani- 
festations of  tuberculosis  in  man  and  some  of  the  lower  animals, 
announced  the  discovery  of  the  specific  bacterium  of  this  disease. 
This  work  was  so  thoroughly  done  that  practically  every  statement 
made  by  Koch  in  his  first  report  stands  to-day  unchallenged.  The 
twenty  years  that  have  elapsed  since  that  time  have  each  brought  its 
confirmations  of  the  facts  then  recorded.  It  is  not  within  the  prov- 
ince of  this  book  to  discuss  in  any  detail  the  bacterium  of  tubercu- 
losis, and  it  must  suffice  to  say  that  the  causal  relation  of  the  bacillus 
tuberculosis  to  the  disease  is  not  now  questioned  by  any  competent 
authority.  Every  case  of  tuberculosis  is  due  to  infection  from  a pre- 
existing case  in  man  or  beast.  We  will  concern  ourselves  wholly 
with  the  chemical  poisons  produced  by  this  bacterium  and  by  virtue 
of  which  the  symptoms  of  the  disease  and  death  are  induced.  We 
may  be  permitted,  however,  to  call  attention  to  the  fact  that  in  its 
later  stages  tuberculosis  becomes  a mixed  infection  and  the  chemical 
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products  of  more  than  one  bacterium  constitute  the  causal  factors  in 
this  form  of  poisoning. 

Koch’s  tuberculin,  with  which  he  hoped  to  cure  the  disease,  is  the 
crude  poison  formed  by  his  bacillus  and  is  known  as  tuberculin. 
The  methods  of  preparing  this  substance  have  varied  somewhat  and 
we  will  mention  some  of  them.  Koch  prepared  tuberculin  in  the 
following  manner  : Meat  infusion  containing  one  per  cent,  of  pepton 
and  from  four  to  six  per  cent,  of  glycerin  is  placed  in  sterilized 
flasks  with  broad  bottoms.  The  flasks  are  only  partially  filled  in 
order  that  the  surface  of  the  fluid  should  be  as  great  as  possible. 
A small  mass  of  a growth  of  tubercle  bacilli  is  taken  from  a culture 
on  glycerin  agar  or  blood  serum,  and  floated  on  the  surface  of  the 
meat  infusion  in  the  flask,  which  is  then  placed  in  an  incubator  at 
37°.  The  bacilli  grow  abundantly  on  the  surface  of  the  meat  infu- 
sion, forming  a thick,  yellowish-white  layer.  After  about  six  weeks, 
growth  stops,  the  bacterial  layer  begins  to  break  into  pieces  and  these 
fall  to  the  bottom  of  the  flask.  The  culture  is  now  evaporated  to 
one-tenth  its  volume  on  the  water-bath.  The  concentration  increases 
the  per  cent,  of  glycerin  to  from  forty  to  fifty,  and  this  ingredient 
prevents  the  growth  of  extraneous  bacteria  and  renders  the  fluid  per- 
manent for  an  indefinite  time.  After  filtration  through  porcelain, 
this  fluid  constitutes  the  crude  tuberculin  of  Koch.  It  will  be  seen 
that  it  must  contain,  in  addition  to  the  water  and  glycerin,  any  other 
soluble,  unchanged  constituent  of  the  original  meat  infusion,  any 
split  products,  if  there  be  such,  arising  from  the  cleavage  action  of 
the  bacilli  on  the  components  of  the  culture  medium,  and  all  soluble 
constituents  of  the  bacterial  cells.  The  toxin  in  this  impure  form 
is  not  destroyed  by  the  temperature  of  the  water-bath.  Ultimate 
analyses  of  the  crude  tuberculin  have  been  made,  but  it  must  be 
evident  from  what  has  just  been  said  concerning  the  complexity  of 
its  composition  that  such  determinations  are  without  value.  It  does 
not  contain  any  ptomain  or  other  basic  body. 

Bujwid  obtained  tuberculin  by  extracting  the  growths  of  the 
bacillus  on  glycerin  agar  tubes,  heating  to  100°  for  ten  minutes, 
filtering  through  porcelain  and  concentrating  at  a low  temperature. 
As  thus  prepared,  the  fluid  resembles  very  much  the  preparation 
already  described. 

Tuberculin  may  also  be  obtained  from  bacilli  grown  on  potatoes. 
The  freshly  cut  surfaces  of  the  sterilized  potatoes  are  washed  with  a 
1 per  cent,  sterilized  solution  of  sodium  bicarbonate,  then  mois- 
tened with  sterilized  water  containing  five  or  six  per  cent,  of  glyce- 
rin. On  potatoes  thus  prepared  the  bacillus  grows  abundantly  at 
a temperature  of  37°.  After  further  development  has  ceased,  the 
growths  are  extracted  with  water  or  water  and  glycerin. 

In  1897  Koch1  reported  his  attempts  to  improve  the  preparation 
1 Deutsche  med.  Wochenschri/t,  1897,  209. 
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of  tuberculin.  At  first  he  extracted  the  bacilli  with  a decinormal 
solution  of  caustic  soda.  This  extract,  when  filtered  through  paper 
and  injected  into  animals,  induced  a reaction  similar  to  that  which 
followed  the  use  of  the  original  preparation  ; but  it  was  found  that 
abscesses  were  likely  to  follow  the  employment  of  this  material.  It 
was  also  observed  that  it  contained  tubercle  bacilli  and  for  this 
reason  it  was  filtered  through  porcelain.  The  filtrate  was  germ-free, 
but  was  found  not  to  possess  the  reaction  of  tuberculin.  It  was  thus 
evident  that  filtration  through  porcelain  had  removed  not  only  the 
bacilli,  but  the  active  constituent  of  the  preparation.  In  his  further 
researches  with  the  bacillus,  Koch  was  able  to  extract  two  character- 
istic chemical  substances,  both  of  which  belong  to  the  unsaturated 
fatty  acids.  One  of  these  is  freely  soluble  in  dilute  alcohol  and  is 
readily  saponified  with  alkalis,  while  the  other  is  soluble  only  in 
boiling  absolute  alcohol  and  saponifies  with  difficulty.  Both  of  these 
substances  take  the  so-called  tubercle  stain,  i.  e.,  they  are  stained  in- 
tensely red  with  carbolic  fuchsin  and  retain  this  color  on  treatment 
with  dilute  nitric  acid  and  with  alcohol.  Bacilli  from  which  these 
fatty  bodies  have  been  extracted  retain  their  form,  but  no  longer 
take  their  characteristic  stain. 

Finally,  Koch  prepared  his  improved  tuberculin  in  the  following 
manner : The  bacilli  of  fresh,  highly  virulent  cultures  are  dried  and 
rubbed  into  a very  fine  powder,  which  is  then  'added  to  distilled 
water  with  which  it  forms  a colloidal  mixture.  This  aqueous  prep- 
aration is  placed  in  a centrifuge  which  makes  four  thousand  revolu- 
tions per  minute,  and  after  half  an  hour  it  separates  into  an  upper, 
opalescent  but  transparent  layer,  which  contains  no  bacilli,  and  into 
a deposit.  The  deposit  is  dried,  again  rubbed  up  in  a mortar,  mixed 
with  water  and  centrifuged,  and  this  is  repeated  until  there  is 
obtained  a perfectly  clear  fluid.  The  upper  layer  obtained  the  first 
time  in  the  centrifuge  Koch  designated  as  TO,  while  the  upper  layers 
obtained  by  subsequent  treatment  in  the  centrifuge  he  distinguished 
as  TR.  The  addition  of  50  per  cent,  glycerin  to  TO  causes  no 
change,  while  in  TR  it  produces  a flocculent  white  precipitate.  This 
indicates  that  TR  contains  those  substances  which  are  insoluble  in 
glycerin,  while  TO  is  made  up  of  the  constituents  of  the  bacterial 
cells  soluble  in  this  reagent.  In  its  action  upon  man  and  other 
animals,  TO  resembles  the  original  tuberculin  while  TR  is  supposed 
to  have  the  curative  action  first  attributed  to  tuberculin  without  any 
of  its  ill-effects.  Koch  stated  that  with  TR  men  and  animals  could 
be  so  immunized  that  they  did  not  react  to  TO  or  crude  tuberculin. 
TR  is  preserved  with  the  addition  of  20  per  cent,  of  glycerin. 

De  Schweinitz  1 isolated  from  liquid  cultures  of  the  bacillus  tuber- 
culosis a crystalline  substance  having  a melting  point  of  161°  to 
164°,  readily  soluble  in  ether,  alcohol  and  water.  Analysis  showed 
1 Transactions  of  the  Association  of  American  Physicians,  1897. 
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that  this  body  corresponds  closely  to  teraconic  acid  and  its  discoverer 
believes  that  the  necrotic  effects  observed  in  tuberculosis  are  due  to 
this  agent.  It  is  also  a fever-reducing  substance,  while  the  albu- 
minoid obtained  from  cultures  of  the  tubercle  bacillus  causes  an  ele- 
vation of  temperature. 

Klebs  1 states,  as  a result  of  his  investigations,  that  the  tubercle 
bacillus  contains  two  fatty  bodies.  One  of  these  may  be  extracted 
with  ether  ; it  has  a reddish  color,  melts  at  42°,  and  constitutes  20.5 
per  cent,  of  the  weight  of  the  bacillus.  The  other  fat  is  insoluble  in 
ether,  but  may  be  extracted  with  benzol ; its  melting  point  has  not 
been  accurately  determined,  but  is  something  over  50°,  and  it  con- 
stitutes 1.14  per  cent,  of  the  substance  of  the  germ.  The  specific 
coloration  of  tubercle  bacillus  with  carbolic  fuchsin  is  due  to  the 
presence  of  these  fatty  bodies,  and  after  their  removal  the  bacilli, 
although  retaining  their  form,  fail  to  stain.  The  greater  part  of  the 
tubercle  bacillus,  after  the  removal  of  the  above-mentioned  fats,  con- 
sists of  a nuclein,  which  may  be  purified  after  digestion  with  pepsin 
and  hydrochloric  acid,  by  solution  in  dilute  alkalis  and  precipitation 
with  alcohol.  In  this  way  Klebs  obtained  a nuclein  which  yielded 
between  8 and  9 per  cent,  of  phosphorus.  The  third  important  con- 
stituent of  the  tubercle  bacillus  is  the  glycerin-water  extract,  which 
probably  consists  of  a mixture  of  substances,  some  of  which  are  pro- 
teid  in  character. 

Ruppel 2 thinks  that  there  are  three  kinds  of  fatty  substances  in 
the  tubercle  bacillus.  The  first  constitutes  about  8 per  cent,  of  the 
total  weight  of  the  organism,  from  which  it  can  be  removed  with  cold 
alcohol.  During  the  process  of  extraction  the  alcohol  becomes  in- 
tensely red,  and  this  is  supposed  to  be  due  to  a chromogen 
contained  in  the  bacillus,  which  develops  into  the  coloring  matter  on 
exposure  to  air.  On  evaporation  of  this  alcoholic  extract  there  re- 
mains a smeary  mass,  consisting  largely  of  free  fatty  acid.  When 
the  free  fatty  acids  are  removed  by  the  ordinary  method  of  treatment 
with  soda  solution  and  ether,  the  mass  obtained  on  the  evaporation 
of  the  ether  melts  between  55  and  60°.  This  substance  is  easily 
saponified,  and  contains  along  with  the  free  fatty  acids  another  sub- 
stance soluble  in  ether,  which  is  believed  to  be  one  of  the  higher 
alcohols.  The  second  form  of  fat  contained  in  the  bacillus  may  be 
extracted  from  the  residue  left  after  extraction  with  cold  alcohol,  by 
means  of  hot  alcohol.  This  substance  begins  to  liquefy  at  85°,  but 
does  not  i)ecome  altogether  clear  until  a temperature  of  200°  is 
reached.  The  hot  alcoholic  extract  saponifies  with  difficulty,  and 
appears  to  consist  of  fatty  esters  of  the  higher  alcohols.  The  third 
fatty  substance  may  be  removed  by  means  of  ether.  It  melts  at  from 
65  to  70°,  and  on  being  heated  gives  off  an  odor  similar  to  that  of 

1 Centralblatl  f.  Balderioloyie,  20,  488. 

* Zeitschrifi f.  -physiol . Chemie , 26,  1899. 
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beeswax.  The  total  amount  of  fatty  substances  contained  in  the 
tubercle  bacillus  varies  from  8 to  26  per  cent. 

According  to  Ruppel,  the  soluble  albuminous  substances  contained 
in  the  tubercle  bacillus  are  best  obtained  by  the  action  of  superheated 
steam  on  bacilli  previously  deprived  of  their  fatty  content.  The 
procedure  recommended  is  as  follows  : The  bacilli  are  first  extracted 

with  a 1 per  cent,  soda  solution  or  heated  with  a dilute  solution  of 
glycerin,  thoroughly  extracted  with  alcohol  and  ether,  dried  and 
rubbed  into  a fine  powder,  which  is  then  treated  with  ten  times  its 
volume  of  5 per  cent,  glycerin  solution  and  kept  in  the  autoclave  at 
150°  for  about  two  hours.  The  extract  thus  obtained  is  filtered 
while  still  hot,  and  it  is  found  that  the  filtrate,  at  first  clear,  forms  a 
deposit  on  standing,  and  complete  separation  may  be  obtained  in  the 
centrifuge.  The  soluble  proteids  obtained  in  this  way  constituted 
from  18  to  20  per  cent,  of  the  total  weight  of  the  bacilli,  and  con- 
sisted exclusively  of  albumoses  analogous  to  the  atmidalbumose  of 
Neumeister.  The  solution  of  mixed  atmidalbumoses  is  dark  in 
color  and  may  be  precipitated  by  ammonium  sulphate,  sodium 
chlorid,  or,  best  of  all,  with  absolute  alcohol  after  the  addition  of  a 
small  amount  of  sodium  chlorid  and  hydrochloric  acid.  On  drying, 
the  alcoholic  precipitate  is  found  to  consist  of  a light  powder,  which, 
as  has  been  stated,  constitutes  about  20  per  cent,  of  the  fat-free 
bacilli. 

Ruppel  finds  that  when  tubercle  bacilli  have  been  finely  broken 
up,  they  give  up  about  half  their  substance  to  aqueous  extracts. 
When  finely  divided  tubercle  bacilli  are  shaken  in  water  there  is 
formed  a milky  emulsion,  and  this,  when  placed  in  the  centrifuge, 
separates  into  a transparent,  feebly  opalescent,  yellowish  fluid,  and  a 
deposit.  When  this  deposit  is  dried  and  weighed  it  is  found  to  con- 
stitute about  half  the  weight  of  the  powdered  bacilli  originally  taken. 
The  reaction  of  the  fluid  portion  is  generally  feebly  alkaline,  but 
may  be  neutral.  It  contains  no  coagulable  proteid,  and  of  the 
general  color  reactions,  it  responds  only  to  the  biuret  test.  Acetic 
acid  produces  a considerable  precipitate,  which  is  not  soluble  in 
excess,  but  which  dissolves  in  dilute  alkalis,  from  which  it  may  be 
precipitated  anew  on  the  addition  of  acids.  The  acetic  acid  precipi- 
tate contains  a little  more  than  4 per  cent,  of  phosphorus.  It 
responds  to  neither  the  Millon  nor  the  xanthoproteic  test,  but  the 
biuret  reaction  is  positive.  When  dissolved  in  glacial  acetic  acid 
and  warmed  with  sulphuric  acid,  it  does  not  give  a red  coloration. 
About  25  grams  of  this  substance  was  shaken  with  1 per  cent,  sul- 
phuric acid,  and  the  acid  extract  thus  obtained  was  precipitated  by 
the  addition  of  absolute  alcohol.  The  precipitate  was  found  to  con- 
sist of  a snow-white,  flocculent  powder,  and  the  amount  obtained 
was  0.7  of  a gram.  It  is  soluble  in  warm  water,  from  which  it 
partially  deposits  on  cooling.  When  dissolved  in  warm  water,  the 
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addition  of  barium  hydrate  precipitates  barium  sulphate,  which 
may  be  removed  by  filtration  and  the  filtrate  precipitated  with 
alcohol.  The  substance  thus  obtained  does  not  respond  to  any  of 
the  color  reactions  for  proteids  with  the  exception  of  the  biuret  test. 
Ruppel  believes  it  to  be  a protamin,  and  proposes  for  it  the  name, 
tuberculosamin.  He  believes  that  in  the  tubercle  bacillus  this 
protamin  is  combined  with  nucleinic  acid,  and,  indeed,  from  the 
part  insoluble  in  1 per  cent,  sulphuric  acid  he  obtained  a nucleinic 
acid  which  contains  9.42  per  cent,  of  phosphorus.  He  proposes 
that  the  nucleinic  acid  in  the  tubercle  bacillus  be  known  as  tubercu- 
linic  acid. 

According  to  Behring,'  tuberculinic  acid,  as  prepared  by  Ruppel, 
contains  a histon-like  body,  on  the  removal  of  which  the  tubercu- 
linic acid  is  obtained  chemically  pure.  Behring  states  that  the 
nucleinic  acid  obtained  from  tubercle  bacilli,  or  tuberculinic  acid, 
is  quite  different  from  all  other  nucleinic  acids.  To  this  substance 
he  attributes  the  toxic  action  of  tubercle  bacilli,  and  he  states  that 
one  gram  of  tuberculinic  acid  is  capable  of  destroying  the  life  of 
600  grams  of  normal  guinea-pig  when  injected  subcutaneously,  and 

90.000  grams  when  introduced  intra-cerebrally,  and  that  the 
same  amount  of  tuberculinic  acid  is  capable  of  destroying  the  life  of 

60.000  grams  of  guinea-pig,  already  infected  with  tuberculosis,  when 
administered  subcutaneously ; and  40,000,000  grams  of  the  same 
tissue  when  injected  intra-cerebrally.  In  distinguishing  physiolog- 
ically between  tuberculinic  and  other  nucleinic  acids,  tuberculous 
animals  should  be  selected  on  account  of  their  greater  susceptibility 
to  the  tuberculinic  acid. 

Levene,2  agrees  with  Ruppel  that  the  tubercle  bacillus  contains 
both  free  and  combined  nucleinic  acid,  and  the  following  is  his 
statement  concerning  the  method  of  obtaining  both  of  these  : “ With 
the  view  of  obtaining  the  free  nucleic  acid,  neutralized,  dried  and 
pulverized  bacilli  were  repeatedly  extracted  with  a 5 per  cent, 
sodium  chlorid  solution,  and  an  8 per  cent,  ammonium  chlorid  solu- 
tion. The  extracts  obtained  were  then  treated  with  picric  acid  and 
acidulated  with  acetic  acid.  To  the  filtrate  from  this  precipitation 
alcohol  was  added,  and  the  precipitate  thus  formed  redissolved  in 
water  and  reprecipitated  with  alcohol.  The  perfectly  white  pre- 
cipitate was  redissolved  in  water,  slightly  acidulated  with  acetic 
acid,  and  treated  with  a solution  of  cupric  chlorid.  The  precipi- 
tate thus  formed  was  washed  with  water  until  copper-free  ; then 
with  alcohol  until  chlorin-free ; finally  with  ether  and  then  dried  in 
vacuo  over  sulphuric  acid,  and  in  air-bath  at  105°  to  constant 
weight.  . . . The  residue  after  the  sodium  chlorid  treatment  was 
treated  for  twro  hours  with  a 4 per  cent,  solution  of  sodium  hydrate 

1 Berliner  khnische  Wochenxchrift,  36. 

2 Journal  of  Medical  Research,  1,  1901. 
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and  some  sodium  acetate,  then  neutralized  with  acetic  acid.  An  ex- 
cess of  picric  acid  was  then  added  and  then  rendered  acid  with 
acetic  acid.  To  the  filtrate  alcohol  was  added  and  the  precipitate 
thus  formed  was  redissolved  and  reprecipitated.  The  precipitate  was 
biuret-free  and  possessed  all  the  properties  of  nucleic  acids.  On 
heating  with  mineral  acids,  it  did  not  reduce  Fehling  solution.  It 
was  again  redissolved  in  water  by  the  aid  of  some  alcohol,  the  solution 
was  then  rendered  acid  with  acetic  acid,  and  the  copper  salt  of  the 
nucleic  acid  obtained  as  above/’ 

By  this  method  Levene  obtained  from  samples  of  tubercle  bacilli 
grown  on  different  culture  media,  nucleinic  acids  which  varied  in 
phosphorus  content  from  6.58  to  13.9  per  cent.  The  same  investi- 
gator obtained  a glycogen-like  substance  from  the  tubercle  bacillus. 
This  gives  an  opalescent  solution,  which  on  the  addition  of  iodin 
colors  similarly  to  glycogen.  On  being  heated  with  mineral  acids 
it  reduces  Fehling  solution.  The  method  of  obtaining  this  carbohy- 
drate is  given  as  follows  : “ The  bacilli  were  treated  as  described 

above  for  the  separation  of  nucleic  acid.  The  picric  acid  filtrate 
was  then  treated  with  alcohol.  The  precipitate  thus  formed  con- 
sisted of  nucleic  acid  and  glycogen.  The  acid  can  be  removed 
on  addition  of  a solution  of  cupric  chlorid.  The  copper  compound 
of  the  glycogen  remains  in  solution  and  from  the  latter  it  can  be 
precipitated  by  the  addition  of  alcohol.  The  copper  compound 
thus  obtained  is  dissolved  in  water,  the  solution  is  acidulated 
with  hydrochloric  acid  until  the  solution  reacts  acid  to  Congo,  and 
the  glycogen  is  then  precipitated  with  alcohol.  Should  the  precipi- 
tate still  contain  some  copper,  the  latter  can  be  removed  by  repeat- 
ing the  last  operations.” 

Koch’s  first  announcement  concerning  tuberculin  awakened  great 
activity  in  the  study  of  the  chemistry  of  the  bacillus  of  this  disease. 
Maffucci  found  that  cultures,  when  grown  upon  glycerin  or  blood 
serum  for  from  one  to  six  months,  and  then  sterilized  by  being  re- 
peatedly heated  to  from  65°  to  70°,  produced  in  guinea-pigs,  when 
employed  subcutaneously,  a progressive  marasmus,  which  terminated 
fatally  within  from  fourteen  days  to  six  months.  He  also  found  that 
eggs  inoculated  with  sterilized  cultures  of  the  chicken  tuberculosis 
bacillus  produced  young  which  were  feeble  and  soon  died  of  emacia- 
tion. In  neither  the  guinea-pigs  nor  chickens  could  he  find  any 
tubercles.  Crookshank  and  Herroun  reported  the  isolation  of  a 
ptomain  and  an  albumose  not  only  from  artificial  cultures  of  the 
bacillus,  but  also  from  bovine  tuberculous  tissue.  Both  of  these 
bodies  were  said  to  cause  an  elevation  of  temperature  in  tuberculous, 
and  a depression  in  healthy  animals.  Zuelzer  reported  the  isolation 
of  a poisonous  ptomain  from  agar  cultures  of  the  bacillus  tuberculo- 
sis. The  injection  of  one  eg.  or  less  of  this  substance  subcutaneously 
in  rabbits  or  guinea-pigs  caused,  after  from  three  to  five  minutes, 
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increased  frequency  of  respiration  (to  180  per  minute?)  and  an  ele- 
vation of  temperature  of  from  0.5°  to  1°.  Marked  proti-usio  bulbi 
mas  a constant  symptom  and  the  pupils  were  dilated.  From  two  to 
three  eg.  sufficed  to  kill  rabbits,  death  occurring  in  from  two  to  four 
days.  The  place  of  injection  was  found  to  be  reddened  and  hemor- 
rhagic spots  were  observed  in  the  mucous  membrane  of  the  stomach 
and  small  intestines.  Occasionally  considerable  amounts  of  clear  J 
fluid  were  found  in  the  peritoneal  cavity.  As  early  as  1888,  Ham- 
merschlag  had  ascertained  that  cultures  of  the  tubercle  bacillus  are 
ttoxic  to  certain  animals.  Subsequently  he  reported  that  almost  27 
pper  cent,  of  the  cellular  substance  of  the  bacillus  tuberculosis  is  solu- 
ble in  alcohol  and  ether.  In  this  extract,  he  found,  in  addition  to ' 
!-fat  and  lecithin,  a poison  which  induced  in  rabbits  and  guinea-pigs 
convulsions  followed  by  death.  The  part  of  the  germ  insoluble  in 
’alcohol  and  ether  was  found  to  consist  of  cellulose  and  proteids. 
Weyl  obtained  by  macerating  the  bacillus  in  dilute  soda  solution  an 
extract  which,  when  injected  into  animals,  caused  local  necrosis. 

: Prudden  and  Hodenpyl  summarized  the  results  which  they  obtained 
by  the  inoculation  of  animals  with  dead  tubercle  bacilli,  as  follows  s 
:c  These  dead  tubercle  bacilli  are  markedly  chemotactic.  When  in- 
troduced in  considerable  amount  into  the  subcutaneous  tissue  or  into 
; :he  pleural  or  abdominal  cavities,  they  are  distinctly  pyogenetic, 
causing  aseptic,  localized  suppuration.  Under  these  conditions  they 
lire  capable,  moreover,  of  stimulating  the  tissues  about  the  suppurative 
f oci  to  the  development  of  a new  tissue,  closely  resembling  the  diffuse 
ubercle  tissue  induced  by  the  living  germ.  We  have  found  that 
dead  tubercle  bacilli  introduced  in  small  numbers  into  the  blood 
vessels  of  the  rabbit  largely  disappear  within  a few  hours  or  days,) 
out  that  scattering  individuals  and  clusters  may  remain  here  and: 
:::here  in  the  lungs  and  liver,  clinging  to  the  vessel  walls  for  many, 
days  without  inducing  any  marked  changes  in  the  latter.  After  a 
ime,  however — earliest  in  the  lungs,  later,  as  a rule,  in  the  liver — 
i i cell  proliferation  occurs,  in  the  vicinity  of  these  dead  germs,  which 
eeads  to  the  formation  of  new,  multiple,  nodular  structures,  bearing 
It  striking  morphological  resemblance  to  miliary  tubercles.  There  is  ( 
n them,  however,  no  tendency  to  cheesy  degeneration  and  no  evi- 
dence of  proliferation  of  the  bacilli,  but  rather  a steady  diminution 
n their  number.  It  seems  to  us  that  the  new  structures  regenerate! 
m a proliferation  of  the  vascular  endothelium  under  the  stimulus  of 
he  dead  and  disintegrating  germs.”  Babes  and  Broca  showed  that 
he  introduction  of  dead  tubercle  bacilli  into  the  bodies  of  animals  j 
endered  them  susceptible  to  the  action  of  tuberculin,  and  the  re-  | 
.ction  was  most  marked  when  the  tuberculin  had  not  been  extracted 
rom  the  bacilli.  They  also  claimed  that  the  local  changes  induced 
>v  the  injection  of  dead  bacilli  were  improved  and  could  be  healed 
>y  injections  of  tuberculin  ; but  that  under  the  influence  of  the  tuber- 
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culin  the  dead  bacilli  were  often  carried  from  the  place  of  deposit  and 
distributed  by  means  of  the  circulation  to  different  parts  of  the  body 
where  subsequently  tubercular  nodules  formed. 

The  physiological  action  of  tuberculin  is  so  pronounced  and  at  first 
was  believed  to  be  so  markedly  mi  gena~is)  that  its  discoverer,  and 
through  him  the  greater  part  of  the  medical  world,  was  for  a short 
time  led  into  the  belief  that  a specific  and  sure  cure  for  the  greatest 
plague  of  man  had  been  found.  The  grounds  for  this  belief  were 
founded  principally  upon  the  following  effects  observed  in  the  action 
of  tuberculin  : (1)  Small  doses,  one  mg.  or  even  less,  injected  subcu- 
taneously into  individuals  suffering  from  tuberculosis  caused  marked 
elevation  of  temperature  ; while  similar  doses  injected  in  the  same  way 
into  non-tubercular  persons  produced  no  appreciable  effect.  More- 
over, persons  sick  with  other  diseases  than  tuberculosis  were  not 
found  to  be  especially  susceptible  to  the  action  of  tuberculin.  Here, 
then,  is  a substance  that  has  a specific  action,  a chemical  body  by  the 
effects  of  which  one  can  distinguish  a tubercular  from  a non-tuber- 
cular individual.  If  all  the  cows  of  a large  herd  be  treated  with 
tuberculin  in  proper  amount,  and  a record  of  the  temperature  be 
made  for  twenty-four  hours  before  and  for  the  same  length  of  time 
after  the  treatment,  it  will  be  found  that  in  some  a febrile  reaction — 
an  elevation  of  one  degree  or  more  in  temperature — occurs,  while  the 
temperature  of  others  remains  unaffected,  or  is  but  slightly  changed. 
Now,  if  all  these  animals  be  killed  and  examined,  it  will  be  found 
that  those  that  have  manifested  the  febrile  reaction  are  tuberculous ; 1 
while  those  that  failed  to  react  to  tuberculin  are  not  tuberculous. 

A similar  test  to  this  was  made  by  Koch  on  tuberculous  and  non- 
tuberculous  guinea-pigs.  No  such  effects  had  ever  before  been  at- 
tained by  the  employment  of  any  therapeutic  agent.  It  is  small 
wonder  then  that  Koch  and  his  colaborers  were  surprised  at  the  re- 
sults observed,  and  readily  accepted  and  too  speedily  announced  the 
belief  that  a specific  cure  for  tuberculosis  had  been  found.  The 
grounds  for  this  belief  were  strengthened  by  their  observation  of 
additional  evidence  in  the  selective  action  of  tuberculin. 

(2)  Not  only  does  tuberculin  select  tubercular  individuals  by  its 
action,  but  in  the  individual  it  selects  for  the  demonstration  of  its  most 
conspicuous  effects,  the  exact  site  of  the  tubercular  lesion.  If  a man 
who  has  a lupus  on  his  face  receives  a tuberculin  injection  in  the 
back  or  in  any  other  portion  of  his  anatomy,  the  tissue  about  the 
lupus  soon  begins  to  show  evidence  of  stimulation  ; it  becomes  hy- 
peremic,  the  margins  of  the  sore  begin  to  granulate,  and  if  the 
treatment  be  continued  the  lupus  often  temporarily  heals.  How- 
ever, more  extended  investigation  has  shown  that  the  action  of 
tuberculin  is  not  so  specific  as  was  at  first  believed.  The  experi- 
ments of  Krehl  have  demonstrated  the  fact  that  tubercular  animals 
are  especially  prone  to  show  elevations  of  temperature  after  the  in- 
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jection  of  various  substances.  For  instance,  paralactic  acid  was 
found  to  act  similarly  to  tuberculin  and  on  section  of  tubercular 
animals  treated  with  this  agent  the  diseased  areas  were  observed  to 
be  hyperemic  and  to  contain  hemorrhagic  spots.  Matthes  ascertained 
that  certain  albumoses  and  peptons  affect  tubercular  animals  in  much 
the  same  way,  though  to  a less  degree,  as  tuberculin  does. 

There  has  been  some  question  among  pathologists  concerning  the 
manner  in  which  tuberculin  acts  on  tubercular  tissue,  and  in  this 
connection  Baumgarten  makes  a statement  which  may  be  condensed 
as  follows : It  causes  an  exudative  inflammation  in  the  vascular 

tissue  about  the  tubercle,  and  in  this  way  the  tuberculous  tissue  may 
be  isolated  and,  when  situated  superficially,  removed.  In  some 
cases,  however,  after  the  prolonged  employment  of  the  agent,  the 
tuberculous  tissue  may,  under  the  influence  of  the  exudative  fluid 
and  the  polynuclear  leucocytes,  break  down  and  form  abscesses. 
The  bacilli  themselves  are  in  no  case  harmed  by  the  use  of  tuber- 
culin, and,  after  its  constant  employment  for  months,  they  retain  their 
original  form  and  lose  none  of  their  virulence.  Some  preparations 
seem  to  show  that  the  bacilli  multiply  more  rapidly  when  the  injec- 
tions are  made,  but  a positive  statement  on  this  point  is  reserved  until 
further  studies  have  been  made.  It  is  certain,  however,  that  the 
non-tubercular  tissue  of  animals  acquires  no  immunity  against  the 
disease  from  the  injections.  This  is  shown  by  the  appearance  of 
metastatic  foci  in  animals  in  which  from  7 to  12  grams  of  the  orig- 
inal lymph  (an  amount  which  would  be  equivalent  to  from  70  to  180 
grams  in  man)  have  been  injected.  It  is  further  shown  by  the  fact 
that  in  some  animals  treated  subcutaneously  tubercles  have  appeared 
at  the  point  of  injection. 

Suppuration. — As  early  as  1879,  Leber  concluded  from  his  ob- 
servations on  infective  keratitis,  that  the  aspergillus  must  produce 
certain  soluble  products  which  diffuse  through  the  cornea  and  set  up 
an  inflammation  in  the  adjacent  vascular  tissue.  In  1882  he  showed 
that  suppuration  could  be  induced  by  the  introduction  of  sterilized 
mercury  and  copper,  and  that  the  pus  formed  is  free  from  microor- 
ganisms. In  1884  he  induced  suppuration  by  the  injection  of  cul- 
tures of  the  staphylococcus  pyogenes  aureus  that  had  been  sterilized 
by  being  boiled  for  hours.  In  1888  he  reported  that  he  had  found 
an  alcoholic  extract  of  the  dried  staphylococcus  to  be  highly  pyoge- 
netic,  and  from  this  extract  he  prepared  a crystalline  body  which  he 
calls  “ phlogosin.”  This  substance  is  readily  soluble  in  alcohol  and 
ether,  sparingly  soluble  in  water,  and  crystallizes  in  needles.  The 
crystals  can  be  sublimed,  leaving  no  residue,  and  the  sublimate,  which 
forms  in  rosettes,  still  possesses  pyogenetic  properties.  Alkalis  pre- 
cipitate this  substance  from  its  solutions  in  amorphous  granules, 
which  dissolve  in  acids,  forming  crystalline  salts. 
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Buchner  found  that  the  cells  of  many  bacteria  contain  pyogenetic 
proteids.  The  amount  of  these  substances  in  bacterial  cells  varies 
with  the  kind  of  germ,  and  some  species  (the  bacillus  prodigiosus, 
lor  instance),  seem  to  contain  no  such  bodies.  The  bacillus  pyocy- 
aneus  contains  a large  quantity  of  this  proteid  and  is  suitable  for 
lecture  demonstration.  The  germs  are  taken  from  potato  cultures, 
rubbed  up  with  water,  and  then  treated  with  about  fifty  volumes  of 
a 0.5  per  cent,  solution  of  caustic  potash.  This  forms  in  the  cold  a 
mucilaginous  mass  which  dissolves  at  the  temperature  of  the  water- 
bath,  and  after  being  heated  for  several  hours  the  fluid  is  filtered 
through  a numbef  of  small  filters;  the  first  portion  should  be  refil- 
tered. The  filtrate  is  a greenish  fluid  (pyocyanin)  which  by  the 
careful  addition  of  acetic  or  hydrochloric  acid  (an  excess  is  to  be 
avoided)  forms  a voluminous  precipitate  (pyocyaneus  proteid).  This 
precipitate  should  be  collected  on  a filter,  washed  with  water,  then 
suspended  in  water,  and  a few  drops  of  a soda  solution  added,  when 
a dark  brown  fluid,  with  a tendency  to  gelatinize,  in  the  cold,  con- 
taining about  10  per  cent,  of  the  proteid,  is  obtained.  13.254  grams 
of  the  moist  bacteria  yield  1.44  gram  of  dry  bacterial  substance, 
and  this,  after  the  treatment  given  above,  furnishes  0.2739  gram  of 
dry  proteid  = 19.3  per  cent.  This  proteid  leaves  11.52  per  cent,  of 
ash,  which  contains  phosphoric  acid,  but  consists  principally  of  sodium 
chlorid.  Much  smaller  amounts  of  proteids  were  obtained  from 
other  organisms,  but  the  Eberth  germ,  bacillus  subtilis,  lactic  acid 
bacillus,  red  bacillus  from  potato,  and  staphylococcus  pyogenes 
aureus  furnish  considerable  quantities. 

The  chemotactic  properties  of  these  proteids  were  tested  in  the 
following  manner : The  dissolved  proteid  was  placed  in  a spindle- 
shaped  glass  tube,  and  this,  after  being  sterilized,  was  introduced 
under  the  skin  of  the  back  of  a rabbit  with  antiseptic  precautions, 
and  the  ends  of  the  tube  broken  off  subcutaneously.  After  from 
two  to  three  days  the  tubes  thus  prepared  were  removed  and  found 
to  contain,  in  addition  to  some  of  the  proteid,  several  cubic  millime- 
ters of  fibrinous  pus,  which  was  examined  microscopically  and  by  the 
preparation  of  cultures,  which  remained  sterile.  The  proteid  of  the 
Eberth  bacillus  was  found  to  have  specially  marked  pyogenetic  prop- 
erties. More  extended  investigation  demonstrated  that  certain  other 
proteids  also  have  pyogenetic  properties.  The  subcutaneous  injec- 
tion of  sterilized  preparations  of  wheat  flour  and  ground  peas  caused 
suppuration.  Negative  results  were  obtained  with  starch  and  solu- 
tions of  di-sodium  hydric  phosphate ; from  this  it  is  concluded  that 
the  active  agent  in  the  flour  is  its  gluten.  Pepton  was  employed 
without  effect,  while  gelatin  was  found  to  act  energetically.  Alka- 
line albuminates  were  prepared  from  muscle,  liver,  lungs  and  kidney,  . 
by  treating  finely  divided  portions  of  these  organs  with  potash  and 
proceeding  as  in  the  preparation  of  bacterial  proteids  ; all  of  these 
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caused  the  formation  of  pus,  and  the  preparations  from  the  liver  were 
found  to  be  specially  potent.  Similar  preparations  from  blood  and 
egg  yolk  were  active,  while  those  from  fibrin  and  the  white  of  egg 
had  no  etfect.  Hemi-albumose  was  also  found  to  be  active,  and  this 
fact  is  placed  in  contrast  with  the  negative  result  obtained  with 
pepton. 

The  bacterial  proteids,  also  some  of  the  vegetable  proteids,  when 
injected  directly  into  the  blood,  cause  a general  leucocytosis.  A 
very  small  amount  of  the  proteid  of  the  pyocyaneus  injected  under 
the  skin  of  the  forearm  caused  the  following  symptoms  : Two  hours 
after  the  injection  there  was  marked  pain  along  the  lymphatics,  es- 
pecially localized  in  the  elbow  and  axilla.  The  temperature  showed 
no  marked  elevation.  On  the  following  day  there  was  observed  a 
distinct  erysipelatous  redness  and  swelling  extending  for  some 
inches  about  the  place  of  injection,  and  this  was  accompanied  by 
severe  pain.  The  inflamed  area  felt  hard,  and  projected  distinctly 
above  the  surrounding  surface,  and  the  lymphatics  of  the  arm  ap- 
peared like  red  cords.  On  the  third  day  the  swelling  and  redness 
were  more  marked,  and  extended  from  the  wrist  to  the  elbow  ; but 
on  the  fourth  day  the  symptoms  began  to  recede.  Here  we  have 
clinically  a typical  erysipelas  with  lymphangitis,  and  Buchner 
claims  that  all  the  cardinal  symptoms  of  inflammation — rubor,  ealor, 
dolor,  tumor — could  not  be  produced  without  involvement  of  the 
solid  tissues.  Similar,  but  less  marked,  symptoms  were  induced  by 
the  injection  of  a dilute  solution  of  vegetable  casein. 

Buchner  states  that  bacteria  can  not  cause  inflammation  unless 
they  be  broken  down.  The  pyogenetic  substance  contained  within 
the  bacterial  cell  can  have  no  chemotactic  action  until  the  cell  disin- 
tegrates. Thus,  the  anthrax  bacillus  contains  a pyogenetic  substance, 
but  no  pus  is  formed  in  mice  with  anthrax,  because  there  is  no  de- 
struction of  the  bacilli.  The  pyogenetic  proteid  of  the  anthrax 
bacillus,  however,  manifests  its  action  in  malignant  pustule. 

Many  non-pathogenic  germs  may  grow  in  wounds  and  by  elabor- 
ating their  poisons  may  increase  and  influence  the  general  intoxica- 
tion. Brunner  has  found  the  proteus  vulgaris  growing  in  a wound, 
and  it  is  well  known  that  the  products  of  this  germ  are  powerful 
poisons. 

Mannotti,  after  treating  animals  with  sterilized  pus,  states  the 
following  conclusions : 

(1)  Sterilized  pus  has  substantially  the  same  toxic  properties  as  f 
sterilized  cultures  of  the  staphylococcus.  (2)  Repeated  injections  of 
sterilized  pus  induce  chronic  intoxication  and  marasmus.  (3)  Injec- 
tion under  the  skin  causes  a specially  grave  form  of  poisoning.  (4) 
The  symptoms  and  pathological  lesions  caused  by  these  injections 
correspond  with  those  observed  in  men  suffering  from  chronic  sup- 
puration. 
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Van  de  Velde1  has  ascertained  that  the  staphylococcus  pyogenes 
produces  a substance  which  destroys  leucocytes  and  for  which  the 
name  “ leukocidin  ” is  now  used.  He  injected  sterilized  cultures  of 
the  staphylococcus  into  the  pleural  cavities  of  rabbits  and  studied 
the  exudate  which  formed.  He  found  that  the  leucocytes  which  are 
present  in  such  an  exudate  in  large  numbers  soon  undergo  character- 
istic changes.  He  next  added  to  small  quantities  of  the  exudate 
living,  healthy  leucocytes  and  observed  that  these  underwent  a like 
transformation.  Heating  the  exudate  for  ten  minutes  at  58°  pre- 
vents its  action  on  leucocytes.  The  successive  steps  in  the  destruc- 
tion of  the  white  blood  cells  are  as  follows  : (1)  The  leucocytes  draw 
in  their  pseudopodia  and  become  round.  (2)  A light  zone  appears 
in  the  periphery,  while  the  center  remains  granular.  (3)  The  light 
zone  gradually  extends  and  the  granulation  completely  disappears. 
(4)  The  corpuscles  are  apparently  reduced  to  empty  sacs  with  scarcely 
discernible  nuclei  which  finally  disappear  altogether.  These  degen- 
erative changes  are  complete  in  about  two  minutes.  Similar  changes 
are  observed  in  leucocytes  added  to  either  avirulent  or  virulent  cul- 
tures of  the  staphylococcus.  These  observations  have  been  con- 
firmed by  Bail2  and  Lingelsheim.3  Denys  and  Van  de  Velde4 
have  shown  that  the  serum  of  animals  rendered  immune  to  the 
staphylococcus  pyogenes  aureus  destroys  the  leukocidin  in  cul- 
tures of  this  germ.  Neisser  and  Wechsberg5  have  devised  a 
method  of  measuring  the  action  of  leukocidin  and  have  decided 
from  their  investigations  that  typical  pyogenetic  staphylococci,  both 
the  aureus  and  the  albus,  produce  the  same  leukocidin,  but  that 
there  are  varieties  of  both  these  organisms  which  do  not  produce 
this  poison. 

Krauss6  first  observed  that  many  red  blood  corpuscles  are  dis- 
solved by  filtered  cultures  of  the  staphylococcus.  This  hemolysin 
has  been  further  studied  by  Neisser  and  Wechsberg,  who  designated 
it  as  staphylolysin.  This  also  is  a product  of  both  the  aureus  and 
the  albus.  It  is  believed  that  this  toxin  possesses  a constitution 
similar  to  that  supposed  to  be  possessed  by  the  diphtheria  toxin  ac- 
cording to  Ehrlich’s  theory,  and  that  it  consists  of  toxin  and  toxon. 
Furthermore,  it  is  probable  that  the  toxin  is  converted  into  toxoids ; 
but  while  the  toxoids  of  the  diphtheria  toxin  have  the  same  avidity 
for  antitoxin  as  is  possessed  by  the  toxin,  the  toxoids  of  staphylotoxin 
combine  with  antitoxin  with  less  avidity  than  do  the  toxins.  The 
blood  serum  of  healthy  men  contains  an  anti-staphylolysin,  but  that 
from  different  individuals  varies  greatly. 

1 La  cellule , 10. 

2Archivf.  Hygiene , 32. 

3 Aetiologie  und  Therapie  der  Staphijlolcokken-Infedionen,  1900. 

4 La  cellule,  11. 

5 Zeilechrifl  /.  Hygiene,  36. 

6 Wiener  him.  Wochenschrift,  1900. 
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Ribbert 1 in  his  experiments  on  the  intravenous  injection  of  both 
sterilized  and  unsterilized  cultures  of  the  staphylococcus  in  rabbits 
observed  changes  in  the  kidneys,  heart,  lungs,  spleen,  and  bone  mar- 
row, which  he  attributed  to  the  action  of  the  toxin,  because  they 
were  found  after  the  injection  of  sterilized  as  well  as  after  the  use  of 
living  cultures.  These  changes  were  characterized  by  the  presence 
of  infarcts  and  abscesses.  Neisser  and  Wechsberg  observed  certain 
pathological  conditions  in  the  kidneys  of  animals  which  they  rendered 
immune  to  staphylotoxin  by  intravenous  injections.  Concerning 
these  kidney  lesions  they  make  the  following  statement : They  are 
located  in  the  cortex ; neither  the  parenchyma  nor  the  papillae  are 
involved.  In  the  cortex  one  readily  distinguishes  three  zones,  which, 
proceeding  from  the  periphery  towards  the  center,  are  as  follows  : (1) 
A circular,  irregular  zone  in  which  the  tubuli  contorti  are  for  the  most 
part  destroyed  and  the  peritubular  spaces  are  filled  with  fragments 
of  broken-down  leucocytes.  (2)  An  intermediate  zone  in  which  the 
leucocytic  reaction  is  less  marked,  but  in  which  necrosis  of  the  epi- 
thelium is  plainly  evident.  Only  a small  part  of  the  epithelium  of 
the  tubuli  contorti  possess  nuclei  and  even  these  show  evidence  of 
cell  disintegration.  The  greater  part  of  the  cells  are  without  nuclei 
and  are  in  a state  of  coagulation  necrosis.  The  uriniferous  tubules 
contain  hyaline  casts  and  fragments  of  broken-down  leucocytes.  In 
this  zone  the  glomeruli  are  markedly  altered.  One  observes  all 
changes  from  simple  hyperemia  to  complete  necrosis  in  which  there  is 
no  sign  of  a glomerulus  left  except  a structureless  capsule.  (3)  The 
third  zone,  like  the  first,  is  rich  in  broken-down  leucocytes,  espe- 
cially in  the  peritubular  spaces.  While  a part  of  the  blood  vessels 
are  still  patent,  others  are  filled  with  thrombi  consisting  of  fibrin  and 
broken-down  leucocytes.  These  authors  were  unable  experimentally 
to  demonstrate  that  these  changes  in  the  kidney  are  directly  due  to 
the  staphylotoxin  and  they  have  provisionally  named  the  poison 
which  induces  these  lesions  “ nephrotoxin.”  They  conclude  that  the 
hemolysin  and  the  leukocidin  of  the  staphylococcus  are  two  different 
poisons. 

The  action  of  sterilized  cultures  of  the  gonococcus  has  been  studied 
by  Christmas,2  Nikolaysen,3  and  Wassermann.4  It  has  been  found 
that  cultures  in  which  the  microorganism  has  been  destroyed  by  heat 
are  as  virulent  to  the  lower  animals  as  are  living  cultures.  Further- 
more, it  has  been  demonstrated  that  the  gonotoxin  is  contained  within 
the  cell  of  the  microorganism.  If  a culture  two  days  old  be  filtered 
through  porcelain  and  the  filtrate  be  injected  into  mice,  but  little  or 
no  effect  results ; while  if  a culture  from  two  to  three  weeks  old  be 

1 Die  pathologische  Anatomie  und  die  Heilung  der  durch  den  Staphylococcus 
pyogenes  aureus  nervorgerufenen  Erkrankungen. 

2 Annates  de  V Inslitut  Pasteur,  1897. 

3 Centralblalt  /.  Bakteriologie,  1897. 

1 Zeitschrift  /.  Hygiene,  1898,  27. 
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treated  in  the  same  way  the  filtrate  is  found  to  be  toxic.  This  shows 
that  the  toxin  is  contained  within  the  cell  and  becomes  active  only 
after  the  disintegration  of  the  organism.  As  is  true  of  many  other 
bacteria,  different  cultures  vary  markedly  in  their  toxicity.  Wasser- 
mann  obtained  some  preparations,  0.1  c.c.  of  which  was  sufficient  to 
kill  mice,  while  one  c.c.  of  other  sterilized  cultures  was  necessary  in 
order  to  accomplish  the  same  result.  Gonotoxin  is  a fairly  stable 
body  ; it  can  be  precipitated  with  absolute  alcohol  and  can  be  heated 
to  100°  without  marked  loss  of  toxicity.  While  none  of  the  lower 
animals  are  susceptible  to  infection  with  this  microorganism,  rabbits, 
mice  and  guinea-pigs  are  readily  affected  by  the  toxin.  The  sub- 
cutaneous injection  of  two  c.c.  of  a sterilized  culture  of  a virulent 
form  of  gonococcus  causes  an  infiltration  which  subsequently  passes 
into  a necrosis.  Treatment  with  10  c.c.  causes  marked  local  inflam- 
mation, the  animal  loses  its  appetite,  wastes  away  and  dies  of  chronic 
marasmus.  The  pyogenic  action  of  this  toxin  can  easily  be  demon- 
strated by  the  injection  of  a small  quantity  into  the  anterior  chamber 
of  the  eye  of  a rabbit.  Corneal  cloudiness,  hypopyon  and  sometimes 
complete  loss  of  the  eye  result.  Wassermann  injected  0.1  c.c.  sub- 
cutaneously into  his  own  arm.  After  about  four  hours  the  place  of 
injection  became  painful,  there  were  light  chills,  and  in  the  evening 
the  temperature  reached  38°.  During  the  night  there  was  headache 
and  pain  in  the  joints.  The  next  day  the  area  around  the  point  of 
injection  was  swollen  and  painful,  but  all  symptoms  disappeared 
after  two  days.  The  same  investigator  has  tried  this  agent  in  the 
treatment  of  obstinate  cases  of  chronic  gonorrhea,  but  has  found  that 
the  toxin  has  no  curative  effect  and  only  intensifies  the  symptoms. 
Both  he  and  Christmas  have  attempted  to  produce  an  antitoxin  for  this 
poison,  but  without  any  marked  success.  It  is  true  that  Christmas 
has  reported  the  preparation  of  an  active  serum  by  immunizing  goats, 
but  the  action  of  this  antitoxin  was  very  slight  and  Wassermann’s 
results  were  wholly  negative.  Small  quantities  of  gonotoxin  intro- 
duced into  a sound  urethra  cause  after  a few  days  marked  suppura- 
tion, while  control  experiments  with  the  toxins  of  other  cocci  were 
without  effect.  The  action  of  gonotoxin  explains  the  clinical  course 
of  many  cases  of  gonorrhea.  When  the  infection  is  confined  to  the 
anterior  part  of  the  urethra  the  germ  soon  dies  and  the  toxin  is 
thoroughly  washed  out  with  each  discharge  of  urine ; but  when  the 
infection  is  in  the  posterior  urethra  some  of  the  germs  find  their 
way  into  the  crypts  of  this  region  and  pass  through  many  genera- 
tions, elaborating  their  toxin  and  causing  the  continued  formation  of 
pus.  This  also  explains  why  this  disease  is  so  much  more  serious  in 
the  female  than  in  the  male. 

The  Summer  Diarrhoeas  of  Infancy. — In  1888,  Vaughan  stated 
that  the  microorganisms  which  produce  the  catarrhal  or  mucous  diar- 
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rhoea  of  infancy,  are  probably  only  putrefactive  or  saprophytic  in 
character,  and  that  they  prove  harmful  by  producing  toxins ; while 
those  that  cause  the  choleraic  form  or  serous  diarrhoeas,  are  more 
than  putrefactive,  they  are  pathogenic.  At  that  time  it  was  gener- 
ally believed  that  a specific  germ  would  be  found  ; but  the  truth  of 
the  above  statement  has  been  made  more  manifest  with  every  ex- 
perimental study  of  the  subject.  More  recently,  Booker 1 makes  the 
following  statement : “ No  single  microorganism  is  found  to  be  the 
specific  exciter  of  the  summer  diarrhoeas  of  infancy,  but  the  affection 
is  generally  to  be  attributed  to  the  result  of  the  activity  of  a 
number  of  varieties  of  bacteria,  some  of  which  belong  to  the  well- 
known  species  and  are  of  ordinary  occurrence  and  wide  distribution, 
the  most  important  being  the  streptococcus  and  proteus  vulgaris.” 

Vaughan  has  studied  the  chemical  properties  of  the  germs  x , a 
and  A of  Booker’s  list  in  the  following  manner  and  with  the  result 
as  stated  below  : Beef  broth  cultures  were  kept  in  the  incubator  at 
37°  for  ten  days.  They  were  then  twice  filtered  through  heavy 
Swedish  filters,  and  the  second  filtrate  was  allowed  to  fall  into  a 
large  volume  of  absolute  alcohol,  feebly  acidified  with  acetic  acid. 
A voluminous,  flocculent  precipitate  resulted  in  each  case,  and  after 
subsidence  the  supernatant  fluid  was  decanted.  The  precipitates 
were  then  treated  with  distilled  water,  in  which  those  from  x and  a 
were  soluble,  while  that  from  A proved  insoluble.  A large  volume 
of  absolute  alcohol  was  again  added,  and  the  mixture  allowed  to 
stand  for  four  days.  The  precipitates  from  x and  a completely 
subsided,  leaving  the  supernatant  fluids  perfectly  clear ; but  in  the 
case  of  A the  subsidence  was  not  complete.  The  precipitates  were 
collected,  by  decantation  and  filtration,  on  porous  plates,  and  dried 
over  sulphuric  acid.  These  substances  are  proteid  in  composition 
but  differ  from  known  proteids  and  from  one  another.  That  from  x 
is  slightly  yellow,  as  seen  deposited  in  the  alcohol,  but  becomes 
grayish  on  exposure  to  the  air.  It  is  readily  soluble  in  water  from 
which  it  is  precipitated  by  either  heat  or  nitric  acid,  singly  or  combined. 
It  gives  the  biuret  and  xanthoproteic  reactions  and  is  precipitated 
by  saturating  its  aqueous  solution  with  ammonium  sulphate,  and 
therefore  cannot  be  classed  with  the  peptons.  Sodium  sulphate  and 
carbonic  acid  fail  to  throw  it  down  from  its  aqueous  solution  • conse- 
quently it  is  not  a globulin,  and  for  the  present  at  least  it  must  be 
classified  among  the  albumins  ; however,  it  possesses  properties  which 
do  not  belong  to  the  known  albumins. 

The  proteid  prepared  from  cultures  of  the  germ  a is,  as  seen  under 
the  alcohol,  very  light,  flocculent,  and  perfectly  white  ; but  so  soon 
as  it  is  brought  in  contact  with  the  air  it  begins  to  blacken,  and 
finally  dries  down  on  the  porous  plate  in  black  scales.  It  possesses 
the  same  general  properties  in  regard  to  the  action  of  solvents  and 

1 Johns  Hopkins  Hospital  Report*,  6,  1897. 
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other  reagents  which  were  found  to  be  possessed  by  the  proteid  ob- 
tained from  cultures  of  x. 

The  proteid  of  A is  peculiar,  inasmuch  as  it  is  practically  insoluble 
in  water. 

All  these  proteids  are  highly  poisonous,  and  when  injected  under 
the  skin  of  kittens  or  dogs  cause  vomiting  and  purging,  and,  when 
employed  in  sufficient  quantity,  collapse  and  death.  Post-mortem 
examination  shows  the  small  intestine  pale  throughout  and  con- 
stricted in  places.  The  heart  is  found  to  be  in  diastole  and  filled 
with  blood.  The  following  brief  notes  from  the  record  of  experi- 
ments illustrate  the  nature  of  the  symptoms  and  the  post-mortem 
appearances  : 

A small  amount  of  proteid  from  bacillus  x,  dissolved  in  water, 
was  injected  under  the  skin  on  the  back  of  a kitten  about  eight 
weeks  old.  Within  one-half  hour  the  animal  began  to  vomit  and 
purge,  and  death  resulted  within  eighteen  hours.  The  small  intes- 
tines were  pale,  contracted  in  places,  and  contained  a frothy  mucus. 
The  stomach  was  distended  with  gas  and  contained  yellowish  mucus. 
The  liver  appeared  normal,  the  spleen  and  the  kidneys  congested, 
and  the  heart  distended.  , 

Another  kitten  was  treated  with  a proteid  from  bacillus  a dis- 
solved in  water.  The  vomited  and  faecal  matters  in  this  case  were 
green.  The  animal  died  after  fifteen  hours,  and  presented  appear- 
ances practically  identical  with  those  mentioned  above. 

A third  kitten  was  treated  with  some  of  the  proteid  of  bacillus  A, 
suspended  in  water,  and  presented  substantially  the  same  symptoms 
and  post-mortem  appearances. 

A fourth  animal  was  treated  in  the  same  manner  as  above  with 
the  proteid  prepared  from  some  canned  meat.  This  was  done  as 
a control  on  the  above  experiment,  and  the  kitten  remained  unaf- 
fected, thus  demonstrating  the  fact  that  the  poisonous  properties 
are  peculiar  to  the  bacterial  proteids. 

Concerning  the  amount  of  these  proteids  necessary  to  produce  fatal 
results  in  the  animals  experimented  upon,  the  following  statement  may 
be  made  : Under  the  skin  on  the  back  of  a guinea-pig  10  mg.  of  the 

dry  scale  proteid  from  bacillus  a was  injected,  and  caused  death 
within  twelve  hours.  Of  two  kittens  treated  with  15  mg.  each  of 
the  a-albumin,  one  died  after  forty-eight  hours,  and  the  other  re- 
covered after  two  days  of  purging  and  vomiting.  Two  dogs,  of 
about  five  pounds’  weight,  had  each  40  mg.,  and  after  serious  illness 
of  two  days’  duration,  recovered.  During  these  two  days  of  purging  k 
and  vomiting  the  dogs  were  constantly  shivering  as  with  cold,  but 
the  rectal  temperature  stood  at  from  102.5°  to  103.5°  F.  There 
was  in  no  case  any  sign  of  inflammation  at  the  point  of  injection. 
Plate  cultures  were  made  from  the  proteids  themselves,  and  from  the 
blood,  liver,  spleen,  and  kidneys  of  some  of  the  animals  killed  with 


THE  SUMMER  DIARRHOEAS  OF  INFANCY. 


93 


the  proteid,  and  these  remained  sterile,  thus  demonstrating  that  no 
germ  was  introduced  into  the  animals  along  with  the  chemical 
poison. 

The  following  conclusions  concerning  the  germs  which  cause  the 
summer  diarrhoeas  of  infancy  may  be  formulated  : 

1.  There  are  many  microorganisms,  any  one  of  which,  when  intro- 
duced into  the  intestines  of  the  infant,  under  certain  favorable  con- 
ditions may  produce  diarrhoea. 

2.  Many  of  these  microorganisms  are  true  saprophytes.  A germ 
growing  in  the  intestine  does  not  necessarily  feed  upon  living  tissue. 
The  food  in  the  duodenum  before  absorption  has  no  more  vitality  than 
the  same  material  in  a culture  flask.  Moreover,  the  excretions 
poured  into  the  intestines  from  the  body  are  not  possessed  of  vitality. 
A bacterium  which  will  grow  upon  a certain  medium  in  a flask  and 
produce  a poison  will  grow  on  the  same  medium  in  the  intestine  and 
produce  the  same  poison,  provided  it  is  not  destroyed  by  some  secre- 
tion of  the  body. 

3.  The  only  digestive  secretion  which  is  known  to  have  any  de- 
cided germicidal  effect  is  the  gastric  juice  ; therefore,  if  this  secretion 
be  impaired  there  is  at  least  the  possibility  that  the  living  germ  will 
pass  on  to  the  intestine,  will  there  multiply,  and  will,  if  it  be  capable 
of  so  doing,  elaborate  a chemical  poison  which  may  be  absorbed.  It 
has  been  said  that  the  gastric  juice  does  not  act  as  a germicidal 
agent,  because  there  are  other  acids  which  are  more  powerfully  bac- 
tericidal than  hydrochloric  acid,  but  there  is  no  force  in  this  argu- 
ment. The  question  is  not  whether  the  stomach  is  supplied  with  the 
very  best  germicide,  but  whether  it  is  supplied  with  any  at  all.  The 
human  eye  is  not  by  any  means  a perfect  mechanism,  but  it  is  man’s 
only  organ  of  vision. 

The  chief  reason  why  the  breast-fed  child  has  a better  chance  for 
life  than  the  one  fed  upon  cow’s  milk  lies  in  the  fact  that  the  former 
gets  its  food  germ-free ; but  a second  reason  is  to  be  found  in  the 
large  amount  of  acid  required  to  neutralize  the  cow’s  milk,  as  has 
been  pointed  out  by  Escherich.  It  is  also  possible  that  some  of  the 
secretions  poured  into  the  intestines  have  germicidal  properties,  or 
that  the  cells,  in  absorbing  the  bacterial  proteids,  may  to  a limited 
extent  so  alter  them  that  they  are  no  longer  poisonous,  or  that  in  a 
perfectly  normal  condition  the  liver  may  be  able  to  prevent  these 
poisons  from  entering  the  general  circulation  without  change. 

4.  Any  germ  which  is  capable  of  growing  and  producing  an  ab- 
sorbable poison  in  the  intestines  may,  for  all  practical  purposes,  be 
considered  pathogenic.  It  is  not  necessary  that  a bacterium  be  cap- 
able of  growing  and  causing  disease  and  death  when  injected  under 
the  skin  or  into  the  blood  in  order  to  establish  its  right  to  rank 
with  the  pathogenic  germs.  In  the  blood  the  organism  is  acted 
upon  by  a wholly  different  fluid  from  that  by  which  it  is  surrounded 
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in  the  intestines,  and  the  germicidal  properties  of  the  blood  have 
been  unquestionably  demonstrated. 

5.  The  proper  classification  of  bacteria  in  regard  to  their  relation 
to  disease  can  not  be  made  from  their  morphology  alone,  but  must 
depend  largely  upon  the  products  of  their  growth.  As  has  been 
stated,  three  microorganisms,  differing  sufficiently  to  be  recognized 
as  of  different  species,  produce  poisons,  all  of  which  induce  vomiting 
and  purging,  and  when  used  in  sufficient  quantity,  death.  Morpho- 
logically these  bacilli  may  not  be  closely  related,  but  physiologically 
• they  are  near  akin.  If  these  deductions  be  true,  we  will  avoid  the 
introduction  into  the  alimentary  canal,  not  only  of  the  specific  patho- 
genic germs,  but  of  all  toxicogenic  microorganisms. 

Baginsky  and  Stadthagen  obtained  from  cultures  of  the  “ white 
liquefying  bacterium  ” of  the  former  a poisonous  proteid  which  pro- 
duces in  mice,  after  about  five  hours,  slight  dyspnoea,  the  coat  be- 
comes rough,  the  animal  sits  with  drooping  head,  and  when  forced 
to  move  does  so  sluggishly  but  without  any  evidence  of  paralysis. 
The  marked  apathy  increases,  and  death  results  after  two  or  three 
days.  Section  shows  an  infiltration  about  the  place  of  injection, 
congestion  of  the  spleen,  liver  and  peritoneum.  The  intestine  is 
hyperemic  throughout  its  entire  length,  and  its  upper  portion  con- 
tains a reddish-brown  fluid.  They  also  obtained  from  the  same 
cultures  a poisonous  ptoma'fn,  which  is  probably  identical  with 
one  found  by  Brieger  in  putrid  horse  flesh,  and  has  the  formula 

c7h17n°2. 

That  tyrotoxicon  is  one  of  the  causes  of  the  violent  choleraic  diar- 
rhoea of  children  there  can  scarcely  be  a doubt.  The  symptoms  in- 
duced by  the  poison  cannot  be  distinguished  from  those  induced  by 
the  disease.  The  post-mortem  appearances  are  very  much  alike,  it 
not  identical,  and  the  poison  has  been  found  in  milk,  a part  of  which 
had  been  given  to  a child  not  more  than  two  hours  before  the  first 
symptom  of  a violent  attack  of  the  disease  made  itself  manifest ; but 
tyrotoxicon  is  not  so  frequently  found  in  milk  as  was  at  one  time 
supposed. 

Fliigge  has  studied  milk  bacteria  with  special  reference  to  their 
toxicogenic  properties.  In  market  milk  he  has  frequently  found 
four  anaerobic  bacilli,  two  of  which  produce  poisons.  The  subcuta- 
neous injection  of  filtered  cultures  of  one  of  these  in  doses  of  from 
0.3  to  0.6  c.c.  in  mice  caused  death  after  from  three  to  fifteen  hours, 
and  section  showed  marked  hyperemia  of  the  intestines  and  trans- 
udates in  the  peritoneal  and  pleural  cavities.  The  jntra-abdominal 
injection  of  five  c.c.  of  this  culture  killed  guinea-pigs  within  from 
fifteen  to  twenty-four  hours,  and  in  these  also  the  intestines  were 
found  to  be  engorged  and  the  abdominal  cavity  filled  with  a serous 
transudate.  The  second  toxicogenic,  anaerobic  bacillus  develops  a 
most  disagreeable  odor  in  milk,  and  consequently  it  is  not  likely 
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to  be  taken.  Summer  diarrhoeas  can  scarcely  be  attributed  to  these 
anaerobic  germs,  and  yet  they  cannot  be  regarded  as  altogether 
harmless. 

Fliigge  found  and  isolated  twelve  species  of  peptonizing  bacteria 
in  market  milk  and  three  of  these  were  found  to  be  markedly  poison- 
ous to  .animals.  Concerning  the  action  of  cultures  of  these  bacilli, 
the  following  statement  is  made  : “ The  two  days’  old  cultures  of 

No.  I.  induce  in  frogs,  on  the  injection  of  two  c.c.  into  the  dorsal  lymph 
zone,  first  slowness  of  motion  and  reflexes,  after  one  hour  paralysis  of 
the  extremities  and  complete  loss  of  reaction,  and  after  four  hours, 
death.  Mice  die  after  from  five  to  six  hours  from  the  subcutaneous 
injection  of  0.5  c.c.  With  the  exception  of  lack  of  voluntary 
motion  and  tardiness  of  reaction,  no  symptoms  are  manifest. 
Guinea-pigs,  that  have  received  five  c.c.  intra-abdominally,  lie  on  the 
side  and  have  marked  dyspnoea,  the  abdomen  is  retracted,  and  hand- 
ling them  causes  pain.  Death  results  after  from  four  to  seven  hours. 
Section  shows  hyperemia  of  the  kidneys,  and  the  peritoneal  and 
serous  coat  of  the  intestines  are  markedly  reddened.  Nothing  else 
of  interest  in  found.  Dogs  drink  the  milk  cultures  with  relish  and 
in  large  quantities.  After  one  hour  severe  diarrhoea  sets  in  with  a 
movement  every  five  minutes.  When  fed  with  normal  milk  recov- 
ery follows. 

“ Two  days’  old  milk  cultures  of  No.  III.  induce  in  frogs  and  mice 
no  symptoms.  Guinea-pigs  and  rabbits  receiving  intra-abdominal  or 
intravenous  injections  remain  quiet  in  their  cages,  respond  quickly 
to  irritation,  but  gradually  recover.  The  cultures,  when  fed  to 
puppies,  induce  sharp  diarrhoea  and  apparently  severe  pain  in  the 
abdomen.  One  of  the  puppies  showed  on  the  second  day  progressive 
exhaustion,  paralytic  weakness  of  the  extremities,  and  a fall  of  tem- 
perature. He  died  on  the  third  day,  and  section  showed  hyperemia 
of  the  kidneys,  nothing  else  worthy  of  note.” 

“ Bacillus  No.  VII.  injected  in  milk  cultures  into  frogs,  mice  and 
guinea-pigs  had  no  marked  action.  When  the  culture  was  filtered 
through  a Chamberland  filter  and  concentrated  in  vacuo  to  one-fifth 
its  volume,  it  killed  mice  and  guinea-pigs  when  injected  in  doses  ot 
0.6  and  5 c.c.  respectively.  Death,  which  followed  in  from  six  to 
twelve  hours,  was  preceded  by  dyspnoea  and  convulsive  movements. 
Section  showed  nothing  characteristic.  Even  the  unconcentrated 
milk  cultures  acted  powerfully  when  fed  to  puppies.  After  feeding 
for  one  or  two  days,  profuse  diarrhoea  set  in,  but  disappeared  the 
next  day.  The  diarrhoea  was  accompanied  by  great  emaciation, 
weakness  of  the  extremities,  and  tottering  gait.  As  soon  as  the 
use  of  the  cultures  was  discontinued,  and  ordinary  milk  given,  im- 
provement began  and  continued  to  complete  recovery.  Two  puppies, 
after  recovery,  were  again  fed  with  the  cultures,  and  after  a short  time 
the  profuse  diarrhoea  with  its  accompanying  symptoms  reappeared.” 
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Fliigge  discussed  the  question  as  to  whether  or  not  the  poisonous 
properties  of  these  peptonizing  bacilli  are  due  to  the  peptons  formed, 
and  came  to  the  conclusion  that  this  could  not  be  the  case.  He 
found  among  the  twelve  species  some  that  produced  peptons  much 
more  energetically  than  do  the  harmful  kinds.  In  fact,  one  of  the 
most  highly  virulent  species  produced  the  least  pepton.  Further- 
more, the  symptoms  that  followed  the  injections  were  not  those  that 
are  induced  by  pepton.  It  is  true  that  different  investigators,  who 
have  tested  the  nutritive  value  of  peptons  and  albumoses  on  the 
lower  animals  and  on  healthy  and  sick  men,  are  unanimous  in  the 
verdict  that  the  long-continued  employment  of  these  preparations 
causes  in  both  men  and  dogs  severe  intestinal  irritation.  Ziintz 
noted  that  dogs  fed  on  peptons  suffered  from  an  abundant,  watery 
diarrhoea,  and  eliminated  from  three  to  six  times  as  much  nitrogen 
unused  as  those  fed  upon  meat,  and  Munk  obtained  like  results. 
Pfeiffer  induced  in  himself  and  in  another  man  intestinal  irritation 
and  diarrhoea  by  large  doses  of  pepton  and  Neumeister  states  : “ By 
long-continued  use  of  these  preparations,  symptoms  of  marked  irri- 
tation and  injury  to  the  intestines  uniformly  resulted,  and  con- 
sequently the  prescription  of  albumoses  in  disease  can  scarcely  be 
regarded  as  ‘ rational.’  ” The  reason  why  partly  digested  milk  is 
often  so  well  borne  by  children  is  due  to  the  fact  that  but  little 
pepton  is  formed,  and  from  all  that  we  know  of  the  nutritive  value 
of  albumoses  and  peptons,  the  long-continued  employment  of  pep- 
tonized milk  in  the  feeding  of  infants  cannot  be  recommended ; but 
Fliigge  was  right  in  concluding  that  the  toxic  properties  of  cultures 
of  peptonizing  bacteria  found  in  milk  by  him  were  not  due  to  the 
peptons.  This  has  been  conclusively  shown  by  more  recent  re- 
searches in  Fliigge’s  laboratory  prosecuted  by  Lubbert.1  This  in- 
vestigator has  extended  the  study  of  one  of  the  most  virulent  species 
of  peptonizing  bacilli  found  by  Fliigge.  He  has  shown  that  this 
microorganism  rapidly  digests  the  casein  of  milk,  while  it  has  no 
action  on  either  the  fat  or  the  lactose.  Pure  milk  cultures  of  this 
bacillus  were  readily  taken  by  guinea-pigs  and  caused  death  within 
four  days.  Three  young  dogs  fed  with  such  cultures  developed 
severe  diarrhoea  after  two  hours  and  died  within  from  four  to  seven 
days ; while  older  dogs  consumed  large  quantities  of  the  milk  and 
remained  unaffected.  This  is  especially  interesting,  inasmuch  as  it 
is  a well-known  fact  that  after  the  second  year  of  life,  children  sel- 
dom suffer  from  summer  diarrhoeas.  Section  of  the  animals  killed 
with  these  cultures  showed  slight  swelling  and  injection  of  the 
mucous  membrane  of  the  intestine.  The  bacteria  could  not  be  dis- 
covered outside  of  the  intestines,  either  in  the  blood  or  the  organs. 
This  demonstrates  that  death  resulted  from  intoxication  and  was  not 
due  to  sepsis.  Further  researches  demonstrated  the  fact  that  the 

' Zeitechrift  f.  Hygiene , 22,  1. 


TYPHOID  FEVER. 


97 


toxin  is  contained  within  the  bacterial  cells  and  when  all  these  are 
removed  by  filtration,  the  filtrate  is  without  harmful  effect.  These 
investigations  indicate  that  the  toxin  is  absorbed  from  the  alimentary 
canal  of  young  animals,  while  it  is  not  taken  up  from  the  digestive 
tract  of  adults.  Both  the  gastric  and  pancreatic  juices  were  found 
to  be  without  effect  upon  these  bacilli,  and  the  filtrates  obtained  after 
digestion  of  the  bacterial  cells  in  these  fluids  were  without  poisonous 
action.  Inasmuch  as  no  bacteria  were  found  in  the  blood  of  any  of 
the  internal  organs,  we  must  conclude  that  the  germ  cells  undergo  a 
process  of  disintegration  or  digestion,  while  being  absorbed  through 
the  intestinal  walls.  Boiling  milk  cultures  of  this  toxicogenic,  pep- 
tonizing bacillus  destroys  their  virulence  but  it  must  not  be  inferred 
from  this  that  all  milk  containing  toxicogenic  germs  is  rendered 
harmless  by  heat.  The  colon  bacillus  is  frequently  found  in  market 
milk  and  it  is  altogether  likely  that  this  germ  plays  an  important 
role  in  the  causation  of  the  summer  diarrhoeas  of  infancy  and,  as 
we  shall  see  later,  the  colon  toxin  resists  very  high  temperatures. 


Typhoid  Fever. — The  specific  character  of  the  bacillus  discovered 
by  Eberth  in  1880  has  been  abundantly  demonstrated  by  subsequent 
bacteriological  research,  and  there  is  no  doubt  that  this  microorgan- 
ism is  the  cause  of  typhoid  fever.  In  1885,  Brieger  obtained  from 
pure  cultures  of  the  Eberth  bacillus  a poisonous  ptomain,  which  pro- 
duced in  guinea-pigs  a slight  How  of  saliva,  frequency  of  respiration, 
dilatation  of  the  pupils,  profuse  diarrhoea,  paralysis,  and  death  within 
from  twenty-four  to  forty -eight  hours.  Post  mortem  examination 
showed  the  heart  in  systole,  the  lungs  hyperemic,  and  the  intestines 
contracted  and  pale.  At  first  Brieger  was  inclined  to  regard  this  as 
the  specific  poison  of  typhoid  fever,  and  named  it  typhotoxin,  but 
more  extended  investigation  has  shown  that  this  substance  cannot  be 
regarded  as  the  essential  toxin  of  the  Eberth  bacillus.  In  their  re- 
searches upon  the  toxalbumins,  Brieger  and  Frankel  found  in  cul- 
tures of  the  typhoid  bacillus  a proteid  which  caused  death  in  rabbits 
after  from  eight  to  ten  days.  This  substance  undoubtedly  contained 
the  typhoid  toxin  but  was  by  no  means  a pure  preparation  of  this 
substance. 

Pfeiffer  has  demonstrated  that  typhotoxin  is  contained  in  the  bac- 
terial cells  and  he  has  shown  that  4 mg.  of  the  dried  cells  for  each 
100  grams  of  body  weight  suffice  to  kill  guinea-pigs.  With  this 
poison  animals  can  be  rendered  immune  to  the  Eberth  bacillus,  and 
the  blood  of  such  immune  animals  contains  a slightly  active  anti- 
toxin, which,  however,  has  not  proved  of  value  in  the  treatment  of 
the  disease. 

In  1889,  Vaughan  isolated  from  mixed  cultures  from  typhoid 
stools  a base,  forming  crystalline  salts  and  capable  of  inducing  in 
cats  and  dogs  a marked  elevation  of  temperature  accompanied  by 
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severe  purging.  The  following  is  the  record  of  one  experiment  with 
this  substance  : “ An  aqueous  solution  of  the  crystals  was  given  to  a 
dog  by  the  mouth  at  3 p.  m.  The  rectal  temperature  was  101°  F. 
before  the  administration.  At  3.15  retching  and  vomiting  set  in  and 
continued  at  intervals  for  more  than  two  hours.  At  3.30  the  tem- 
perature was  103°  F.  and  at  3.55  the  animal  began  to  purge.  The 
first  discharges  contained  much  fecal  matter,  but  subsequently  they 
were  watery  and  contained  mucus  stained  with  blood.  At  4,  the 
temperature  was  103.5°  F.,  and  remained  the  same  at  4.30.  The 
animal  was  seen  again  at  10  a.  m.,  the  next  day,  when  its  temper- 
ature was  101.5°  and  recovery  seemed  complete.” 

This  base  was  not  obtained  in  sufficient  quantities  for  an  ultimate 
analysis.  The  platino-chlorid  crystallizes  in  fine  rhombic  prisms 
and  the  hydrochlorid  in  long,  delicate,  red  needles.  The  red  color 
seems  to  be  inherent  to  the  substance  and  not  due  to  impurities.  The 
mercury  and  platinum  compounds  are  insoluble  in  alcohol,  soluble  in 
water.  The  hydrochlorid  is  soluble  in  both  water  and  alcohol. 

In  1890,  Vaughan  reported  the  isolation,  from  water  supposed  to 
cause  typhoid  fever,  of  a number  of  toxicogenic  germs,  and  the 
chemical  properties  of  two  of  these  have  been  studied.  They  belong 
to  the  proteids,  and  an  analysis  of  one  of  these  by  Freer  shows  it  to 
belong  to  the  nucleins.  These  poisons  are  soluble  in  water,  the 
opalescent  solution  showing  a distinctly  acid  reaction.  They  are  not 
precipitated  by  heat  or  nitric  acid  singly  or  combined.  They  dissolve 
in  nitric  acid,  forming  a colorless  solution,  which  becomes  yellow  on 
the  addition  of  ammonia.  They  dissolve  in  caustic  alkalis,  and  the 
solution  becomes  purple  on  the  addition  of  copper  sulphate. 

On  white  rats  these  poisons  produced  symptoms  which  are  identi- 
cal with  those  following  inoculations  with  the  living  germs.  The  rat 
seems  to  shiver  with  cold  and  gives  evidence  of  abdominal  pain. 
It  lies  with  its  limbs  flexed  and  head  drawn  down  for  a few  seconds, 
then  stretches  out  the  limbs.  It  lies  on  the  side  for  a short  time,  then 
sits  with  the  head  drawn  under  the  body.  Dogs  shiver  as  with  cold, 
but  at  the  same  time  the  rectal  temperature  is  from  1°  to  4°  above 
the  normal.  The  following  experiments  seem  to  show  that  the 
poison  accumulates  in  the  nerve  centers  : Two  guinea-pigs  were 

treated  with  hypodermic  injections  of  one  of  these  poisons,  the 
amount  used  being  about  ten  times  the  dose  which  ordinarily  proves 
fatal  to  one  of  these  animals.  Within  twelve  hours  both  were  dead. 
Plate  cultures  made  from  the  liver,  blood,  spleen,  brain  and  spinal 
cord  remained  sterile.  Small  quantities  of  the  brain  and  spinal 
cord  were  rubbed  up  in  a sterilized  dish  with  sterilized  water,  and 
two  c.c.  of  the  emulsion  was  injected  under  the  skin  of  each  of 
four  guinea-pigs.  These  animals  seemed  to  be  very  excitable  the 
next  day,  throwing  themselves  about  violently  in  their  cages  when 
slight  noises  were  made  near  them.  Within  a period  of  from  six- 
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teen  to  twenty-four  days  all  died.  This  experiment  needs  repetition 
and  it  will  be  necessary  to  prepare  and  inject  similar  emulsions  made 
from  other  organs  before  any  positive  conclusions  can  be  drawn. 

Hog  Cholera. — In  pure  cultures  of  this  bacillus  Novy  has  found 
a poisonous  base,  which  probably  has  the  composition  Clt)H26N2,  and 
to  which  he  has  provisionally  given  the  name  susotoxin.  100  mg. 
of  the  hydrochlorid  of  this  base  causes  in  white  rats  convulsive  tre- 
mors and  death  within  one  and  one-half  hours.  Section  shows  the 
heart  in  diastole,  lungs  pale,  stomach  contracted,  a serous  effusion 
into  the  thoracic  cavity,  and  the  subcutaneous  tissue  pale  and  edem- 
atous. 

Novy  has  also  obtained  a poisonous  proteid  from  cultures  of  this 
germ.  The  following  experiments  illustrate  the  effects  obtained  from 
this  body  : 100,  50  and  25  mg.,  respectively,  were  injected  into  three 
young  white  rats  from  the  same  litter.  The  animal  which  received 
100  mg.  soon  began  to  crawl  about  on  its  belly,  being  unable  to  rise. 
The  eyes  were  soon  filled  with  a thick  secretion  and  the  toes  became 
red.  Finally  it  became  quiet,  lying  on  its  belly,  with  feet  extended. 
The  respirations  became  deeper,  and  a coma-like  condition  set  in. 
The  animal  died,  without  convulsions,  within  about  three  hours. 
The  rat  which  received  50  mg.,  went  through  the  same  course  of 
symptoms,  but  these  were  less  intense.  Death  resulted  four  hours 
after  the  injection.  The  one  which  received  the  25  mg.  became  very 
sick,  but  finally  recovered,  and  one  week  later  it  was  given  another 
injection  of  30  mg.,  which  produced  scarcely  any  effect.  Then  it 
was  treated  at  intervals  of  five,  three,  five,  two  and  four  days,  re- 
spectively, to  40,  50,  75,  100  and  125  mg.  without  effect.  Three 
days  after  the  last  injection  the  animal  was  inoculated  with  one  c.c. 
of  a bouillon  culture  of  the  highly  virulent  germ.  Only  a slight 
temporary  effect  was  observed  during  the  first  day,  after  which  re- 
covery was  complete  and  permanent.  A control  rat  was  given  the 
same  quantity  of  the  culture,  sickened  the  next  day  and  died  one 
week  later.  From  this  it  will  be  seen  that  the  animal  was  rendered 
immune  to  the  bacillus. 

De  Schweinitz  also  reports  the  detection  of  a slightly  poisonous 
base,  which  he  designated  sucholotoxin,  and  a poisonous  proteid,  and 
with  these  he  has  been  able  to  secure  immunity  in  guinea-pigs  against 
the  virulent  germ.  The  proteid  body  is  classed  among  the  albumoses, 
and  is  said  to  crystallize  in  white,  translucent  plates  when  dried  in 
vacuo  over  sulphuric  acid  and  to  form  needle-like  crystals  with 
platinum  chlorid.  The  same  investigator  has  also  reported  the  iso- 
lation of  soluble  ferments,  or  enzymes,  from  cultures  of  the  hog 
cholera  bacillus.  From  milk  cultures  both  peptonizing  and  diastatic 
ferments  were  obtained.  These  are  destroyed  by  heating  above  55°  ; 
they  contain  nitrogen,  and,  when  pure,  do  not  give  the  albuminoid 


BACTERIAL  POISONS  OF  INFECTIOUS  DISEASES. 


reactions.  Injections  of  the  soluble  ferments  conferred  immunity. 
In  1892  Novy  obtained  immunity  in  rabbits  by  injection  of  blood 
serum  of  immunized  animals,  and  similar  results  were  obtained 
by  De  Schweinitz.  In  the  same  year  Metschnikoff  published 
his  studies  on  immunization  with  blood  serum  of  rabbits  im- 
mune to  hog  cholera,  but  according  to  Smith  and  Moore,  he  did 
not  work  with  the  hog  cholera  germ,  but  with  that  of  swine 
plague.  The  last-mentioned  individual  obtained  only  partial  im- 
munity with  blood  serum  of  immune  guinea-pigs,  and  none  with 
that  of  rabbits. 

Rabbit  Septicemia. — Hoffa  has  killed  rabbits  by  inoculation  with 
pure  cultures  of  the  bacillus  of  this  disease,  and  has  isolated  from 
the  bodies  of  these  animals  methylguanidin,  while  in  the  bodies  of 
healthy  rabbits  this  poison  could  not  be  found.  He  ascertained  that 
the  average  fatal  dose  of  methylguanidin  for  rabbits  is  0.2  gm. 
when  given  subcutaneously.  Hueppe  thinks  that  the  bacterium  of 
chicken  cholera  is  identical  with  that  of  rabbit  septicaemia,  and  it 
has  been  ascertained  that  chickens  also  may  be  poisoned  with 
methylguanidin  and  that  the  symptoms  induced  by  this  substance 
resemble  those  of  the  disease. 

Pneumonia. — Bonardi  reported  the  presence  of  certain  poisonous 
basic  substances  in  cultures  of  the  diplococcus  of  Friinkel,  but  he 
was  unable  to  obtain  these  in  quantity  sufficient  for  ultimate  analysis. 
He  also  stated  that  he  secured  immunity  against  the  germ  by  treat- 
ing rabbits  with  a small  quantity  of  the  chemical  poisons.  How- 
ever, temporary  immunity  to  the  diplococcus  may  be  induced  by 
non-specific,  agents,  and  Vaughan  1 concluded  a research  upon  this 
subject  as  follows  : 

1 . Rabbits  and  guinea-pigs  may  be  protected  against  virulent  cul- 
tures of  the  diplococcus  of  pneumonia  by  previous  treatment  with 
hypodermatic  injections  of  a solution  of  yeast  nuclein. 

2.  The  immunity  thus  secured  is  not  due  to  the  action  of  the 
nuclein,  as  a germicide,  directly  on  the  germ. 

3.  The  process  of  securing  this  immunity  is  an  educational  one, 
and,  most  probably,  depends  upon  the  stimulant  effects  of  the  nuclein 
upon  some  organ  whose  function  it  is  to  protect  the  body  against 
bacterial  invasion. 

4.  The  longer  the  nuclein  injections  are  continued  and  the  more 
frequently  they  are  administered,  the  more  complete  is  the  immunity 
which  is  secured. 

5.  In  order  to  obtain  this  immunity  the  inoculation  with  the  germ 
mu6t  follow  soon  after  the  last  treatment  with  the  nuclein. 

1 Iluitihnt  Congrls  International  <T  Hygiene,  2,  44. 
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Malignant  (Edema. — Kerry  found  that  the  bacillus  of  this  dis- 
ease decomposes  albumin  with  the  formation  of  fatty  acids,  leucin, 
hydroparacumaric  acid,  and  a foul-smelling  oil  of  the  composition 
C8Hlfi04.  This  oil  is  insoluble  in  water,  alkalis,  and  acids,  easily 
soluble  in  ether,  benzol,  bisulphid  of  carbon,  and  alcohol.  It  is 
optically  inactive  and  on  being  oxidized  forms  valerianic  acid. 
Nothing  is  said  concerning  its  action  upon  animals.  Among  the 
gaseous  products  are  carbonic  acid,  hydrogen,  and  marsh  gas.  The 
author  was  unable  to  determine  whether  or  not  free  nitrogen  was 
present. 

Puerperal  Fever. — Bourget  concludes  a research  on  this  disease 
with  the  following  statements  : 

1.  In  puerperal  fever  the  urine  contains  highly  poisonous  bases. 

2.  The  toxicity  of  the  urine  is  most  marked  when  the  symptoms 
of  the  disease  are  most  grave,  and  diminishes  as  the  symptoms  abate. 

3.  The  ptomains  obtained  from  the  urine  prove  fatal  when  injected 
into  frogs  and  guinea-pigs. 

4.  Toxic  bases,  resembling  those  obtained  from  the  urine,  were 
extracted  from  the  viscera  of  a woman  who  had  died  of  puerperal 
fever. 

Glanders. — The  toxin  of  this  disease  is  contained  in  the  bacterial 
cell,  and  is  known  as  mallein  or  morvin.  Sterilized  cultures  of  the 
glanders  bacillus  containing  the  chemical  poison  are  used  in  horses 
in  the  same  way  that  tuberculin  is  employed  to  diagnose  tuberculosis 
in  cows.  In  glandered  horses  the  subcutaneous  injection  of  small 
quantities  of  mallein  causes  a more  marked  elevation  of  temperature 
than  it  does  in  healthy  animals.  However,  Schattenfroh  has  shown 
that  a like  effect  is  produced  in  glandered  horses  by  the  injection  of 
toxins  from  other  bacteria.  Commercial  mallein  is  prepared  in  a 
number  of  ways,  one  of  which  is  as  follows : Growths  of  the  glan- 
ders bacillus,  from  ten  to  fourteen  days  old,  on  potatoes,  are  removed 
with  a sterilized  spatula  and  rubbed  up  with  sterilized  water  in  the 
proportion  of  one  part  of  the  moist  bacillus  to  nine  parts  of  water. 
This  emulsion  is  allowed  to  stand  for  twenty-four  hours,  and  then 
heated  to  110°  for  fifteen  minutes;  next,  it  is  filtered  through  por- 
celain, 30  per  cent,  of  glycerin  added,  and  concentrated  at  low  tem- 
perature on  the  water-bath  to  one-eighth  of  the  original  volume. 
This  is  again  sterilized  at  110°  and  the  preparation,  now  ready  for 
use,  consists  of  a clear,  yellowish,  odorless  fluid  of  feebly  acid  or 
neutral  reaction.  Kressling  found  in  mallein  prepared  by  the  above 
method  peptons,  globulins,  xanthin,  guanin,  small  quantities  of  tyro- 
sin  and  leucin,  and  traces  of  volatile  fatty  acids  and  ammonia. 


CHAPTER  V. 

THE  GERMICIDAL  PROPERTIES  OF  BLOOD  SERUM. 

As  early  as  1872  Lewis  and  Cunningham  demonstrated  the  fact 
that  bacteria  injected  into  the  circulation  rapidly  disappear.  In  the 
blood  of  twelve  animals  that  had  been  treated  with  such  injections 
bacteria  could  be  found  after  six  hours  in  only  seven.  In  a second 
series  of  thirty,  bacteria  were  found  after  twenty-four  hours  in  the 
blood  of  only  fourteen,  and  in  a third  experiment  involving  seven- 
teen animals,  bacteria  were  found  in  only  two,  when  the  examination 
was  made  from  two  to  seven  days  after  the  injection. 

In  1874  Traube  and  Gscheidlen  found  that  arterial  blood,  taken 
under  aseptic  precautions,  from  rabbits  into  the  jugular  vein  of 
which  one  and  one-half  c.c.  of  a fluid  rich  in  putrefactive  germs  had 
been  injected  forty-eight  hours  previously,  failed  to  undergo  decom- 
position for  months.  These  investigators  attributed  the  germicidal 
properties  of  the  blood  to  the  ozonized  oxygen.  Similar  results 
were  obtained  by  Fodor  and  by  Wyssokowitsch.  The  latter  accounted 
for  the  disappearance  of  the  germs,  not  by  supposing  that  they  were 
destroyed  in  the  blood,  but  that  they  found  lodgment  in  the  capil- 
laries. 

The  first  experiments  made  with  extra-vascular  blood  were  con- 
ducted by  Grohmann  under  the  direction  of  A.  Schmidt  in  his  re- 
searches upon  the  cause  of  coagulation.  It  was  found  that  anthrax 
bacilli,  after  being  kept  in  plasma,  were  less  virulent,  as  was  demon- 
strated by  their  effect  upon  rabbits,  and  Grohmann  supposed  that  in 
some  way  the  bacteria  were  influenced  by  the  process  of  coagulation. 

In  1887  Fodor  made  a second  contribution  to  this  subject,  and  in 
this  he  combated  the  retention  theory  of  Wyssokowitsch.  One 
minute  after  the  injection  of  one  c.c.  of  anthrax  culture  into  the  jugu- 
lar vein,  in  eight  samples  of  blood,  Fodor  found  only  one  colony  of 
the  bacillus.  He  then  took  the  blood  from  the  heart  with  a sterilized 
pipette  and  added  anthrax  bacilli  to  it.  This  was  kept  at  38°,  and 
plates  made  from  time  to  time  showed  a rapid  diminution  of  the 
number  of  germs  ; after  a time,  when  the  blood  had  lost  its  germi- 
cidal properties,  the  number  of  bacteria  began  to  increase. 

In  1888,  Nuttall,  working  under  the  direction  of  Fliigge,  used 
defibrinated  blood  taken  from  various  species  of  animals — rabbits, 
mice,  pigeons,  and  sheep — and  found  that  this  blood  destroyed  the 
bacillus  anthracis,  bacillus  subtilis,  bacillus  megaterium  and  staphyl- 
ococcus pyogenes  aureus  when  brought  in  contact  with  them.  He 
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also  confirmed  the  finding  of  Fodor  that  after  a while  the  blood 
loses  its  germicidal  properties  and  becomes  a suitable  culture 
medium  in  which  germs  grow  abundantly. 

Nissen  continued  this  work  under  Fliigge’s  direction  and  reached 
the  following  conclusions  : 

1.  The  addition  of  small  quantities  of  sterilized  salt  solution  or 
bouillon  to  the  blood  does  not  destroy  its  germicidal  properties. 

2.  Cholera  germs  and  Eberth  bacilli  are  easily  destroyed  by  fresh 
blood. 

3.  In  a given  volume  of  blood  there  is  a maximum  number  of 
bacilli  which  can  be  destroyed. 

4.  Blood,  the  coagulability  of  which  has  been  destroyed  by  the 
injection  of  pepton,  is  still  germicidal. 

5.  Blood  in  which  coagulation  is  prevented  by  the  addition  of 
25  per  cent,  of  magnesium  sulphate  has  its  germicidal  properties 
decreased. 

6.  Filtered  blood  plasma  from  the  horse  is  germicidal. 

At  one  time,  Behring  attributed  the  action  of  the  blood  of  the 
white  rat  on  anthrax  bacilli  to  its  great  alkalinity.  He  made  a 
number  of  titrations,  by  which  he  showed  that  the  blood  serum  of 
the  rat  is  somewhat  more  alkaline  than  that  of  certain  animals  which 
are  more  susceptible  to  anthrax,  such  as  the  rabbit,  the  guinea-pig 
and  the  cow.  This  deduction  is  not  justified,  because  there  are 
many  other  and  more  important  points  in  which  these  animals  differ 
from  the  white  rat  than  in  slight  differences  in  the  alkalinity  of  the 
blood  serum.  Had  he  shown  that  the  blood  of  the  adult  rat,  which 
is  not  susceptible  to  anthrax,  is  more  alkaline  than  that  of  the 
young  rat,  which  is  susceptible,  his  argument  would  have  been  more 
plausible  ; but  even  then  it  would  not  have  deserved  the  dignity  of 
positive  evidence. 

In  1890  Buchner  and  his  students  made  a valuable  contribution 
to  our  knowledge  of  the  germicidal  properties  of  blood,  and  reached 
the  following  conclusions : 

1.  The  germicidal  action  of  the  blood  is  not  due  to  phagocytes, 
because  it  is  not  influenced  by  the  alternate  freezing  and  thawing  of 
the  blood,  by  which  the  leucocytes  are  destroyed. 

2.  The  germicidal  properties  of  the  cell-free  serum  must  be  due  to 
its  soluble  constituents. 

3.  Neither  neutralization  of  the  serum,  nor  the  addition  of  pepsin, 
nor  the  removal  of  carbon  dioxide  gas,  nor  treatment  with  oxygen, 
has  any  effect  upon  the  germicidal  properties  of  the  blood. 

4.  Dialysis  of  the  serum  against  water  destroys  its  activity,  while 
dialysis  against  0.75  per  cent,  salt  solution  does  not.  In  the  diffu- 
sate  there  is  no  germicidal  substance.  The  loss  by  dialysis  with  water 
must  be  due  to  the  withdrawal  of  the  inorganic  salts  of  the  serum. 

5.  The  same  is  shown  to  be  the  case  when  the  serum  is  diluted 
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with  water  and  when  it  is  diluted  with  salt  solution;  in  the  former 
instance  the  germicidal  action  being  destroyed,  while  in  the  latter  it 
is  not. 

6.  The  inorganic  salts  have  in  and  of  themselves  no  germicidal 
action.  They  are  active  only  in  so  far  as  they  affect  the  normal 
properties  of  the  albuminates  of  the  serum.  The  germicidal  prop- 
erties of  the  serum  reside  in  its  albumin  constituents. 

7.  The  difference  in  the  effects  of  active  serum  and  that  which  has 
been  heated  to  55°  is  due  to  the  altered  condition  of  the  albuminate. 
The  difference  may  possibly  be  a chemical  one  (due  to  changes 
within  the  molecule)  or  it  may  be  due  to  alterations  in  mycelial 
structure.  The  albuminous  bodies  act  upon  the  bacteria  only  when 
the  former  are  in  an  active  state. 

In  the  third  edition  of  this  book  we  pointed  out  an  inconsistency 
between  Buchner’s  experimental  results  and  his  conclusions.  Ex- 
perimentally he  ascertained  that  peptic  digestion  of  blood  serum  does 
not  destroy  its  germicidal  properties,  and  yet  he  concluded  that  the 
active  principle  is  serum  albumin.  Since  serum  albumin  is  destroyed 
by  peptic  digestion,  it  cannot  be  the  active  germicidal  agent  in  the 
serum. 

Prudden  found  that  ascitic  and  hydrocele  fluids  restrain  the  de- 
velopment of  certain  germs.  Rovighi  reported  that  the  germicidal 
action  of  the  blood  is  increased  in  febrile  conditions.  Pekelharing 
enclosed  anthrax  spores  in  bits  of  parchment  and  introduced  them 
under  the  skin  of  rabbits.  Thus  treated,  the  spores  soon  lost  their 
virulence  and  finally  their  capability  of  growth.  The  destruction  of 
these  spores  could  not  have  been  due  to  phagocytes,  which  did  not 
penetrate  the  parchment,  but  must  have  been  caused  by  soluble  germ- 
icides. Behring  and  Nissen  found  that  the  serum  of  the  white  rat 
and  of  the  rabbit  destroys  anthrax  bacilli,  while  serum  obtained  from 
the  mouse,  sheep,  guinea-pig,  chicken,  pigeon,  and  frog,  has  no  such 
effect.  It  will  be  observed  from  this  that  there  is  no  constant  rela- 
tion between  the  germicidal  action  of  the  blood  of  animals  of  differ- 
ent species  and  their  susceptibility  to  the  disease  caused  by  the  germ ; 
thus,  the  rabbit  is  highly  susceptible  to  anthrax,  notwithstanding  the 
fact  that  its  blood  destroys  large  numbers  of  these  germs ; while  the 
chicken  is  immune  to  anthrax  from  the  moment  when  it  comes  from 
the  shell  and  yet  the  bacillus  anthracis  grows  luxuriantly  in  the 
extra-vascular  blood  of  the  chick.  This  demonstrates  that  there  is  a 
great  difference  between  the  action  of  extra-vascular  blood  and  that 
existing  in  the  body,  constantly  fed,  and,  in  case  of  need,  altered  in 
composition  by  certain  glands. 

Halliburton  prepared  from  the  lymphatic  glands  a globulin  which 
he  designated  cell-globulin-/9,  and  which  agrees  with  fibrin  ferment 
in  inducing  coagulation  in  plasma.  Hankin  tested  the  germicidal 
properties  of  this  globulin,  conducting  his  experiments  in  the  follow- 
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ing  manner  : The  lymphatic  glands  or  the  spleen  of  a dog,  or  cat,  are 
freed  as  much  as  possible  from  fat  and  connective  tissue,  then  divided 
and  extracted  with  a dilute  solution  of  sodium  sulphate  (one  part  of  * 
a saturated  solution  to  nine  parts  of  water).  The  cell  globulin  passes 
into  solution,  while  the  other  proteids  are  but  sparingly  soluble. 
After  twenty-four  hours,  the  fluid  is  filtered  and  mixed  with  an  ex- 
cess of  alcohol.  The  voluminous  precipitate  contains  the  cell  glob- 
ulin and  is  collected  on  a filter  and  w'ashed  with  absolute  alcohol. 
For  use,  a part  is  dissolved  in  water,  and  a small  quantity  of  a bouil- 
lon culture  of  the  anthrax  bacillus  is  added.  From  time  to  time 
plate  cultures  are  made,  along  with  control  plates,  and  in  this  way 
the  germicidal  properties  of  the  substauce  are  demonstrated.  Hankin 
reached  the  following  conclusions  : 

1 . Halliburton’s  cell-globulin-^  has  marked  germicidal  properties. 

2.  In  this  respect  it  differs  from  fibrin  ferment. 

3.  The  germicidal  properties  of  this  substance  seem  to  be  identi- 
cal with  those  of  serum,  as  described  by  Buchner,  Nissen  and  Nut- 
tall. 

4.  The  active  properties  of  the  serum  are  probably  due  to  this  or 
an  allied  body. 

Bitter  repeated  these  experiments,  but  failed  to  confirm  them  ; 
however,  it  is  certain  that  the  spleen  contains  a germicidal  substance, 
but  whether  it  can  be  extracted  by  the  method  of  Hankin  or  not  we 
do  not  know. 

Christmas  prepared  a germicidal  substance  from  the  spleen  and 
other  organs  by  the  following  method  : The  animal  is  killed  with 
ether,  opened  under  aseptic  precautions,  and  the  organ  removed,  cut 
into  fine  pieces,  covered  with  50  c.c.  of  glycerin  and  allowed  to  stand 
for  twenty-four  hours  and  then  filtered.  The  filtrate  is  precipitated 
with  five  times  its  volume  of  alcohol  and  this  is  immediately  decanted. 
The  precipitate  is  washed  with  absolute  alcohol  in  order  to  remove 
the  glycerin,  and  then  traces  of  alcohol  are  taken  up  by  pressure 
between  folds  of  blotting  paper  and  the  precipitate  is  dissolved  in 
25  c.c.  of  distilled  water.  Through  this  solution  air  is  passed  for 
some  hours  in  order  to  remove  traces  of  alcohol,  and  then  the  fluid 
is  filtered  and  its  germicidal  action  tested. 

Bitter  examined  this  method  also,  and  the  impartial  reader  may 
see  that  he  did  not  do  so  with  fairness.  However,  this  fact  renders 
the  work  all  the  more  valuable  because  his  results  confirm  the  state- 
ments of  Christmas.  Bitter  killed  his  animals  by  venesection  and, 
in  some  cases,  at  least,  prepared  the  substance  in  unsterilized  vessels, 
but  even  when  this  was  done  the  solution  was  germ-free  and  mani- 
fested marked  germicidal  properties.  However,  Bitter  found  a dif- 
ference between  this  substance  and  the  germicidal  constituent  of 
blood  serum ; the  latter  is  certainly  destroyed  by  a temperature  of 
65°,  while  the  solution  of  Christmas,  after  having  been  heated  to  this 
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temperature,  is  still  capable  of  destroying  from  35,000  to  40,000 
typhoid  bacilli  within  four  hours. 

It  is  possible  that  the  more  powerful  action  of  the  solution  made 
by  Christmas  is  due  to  the  presence  of  the  germicidal  substance  in 
more  nearly  a chemically  pure  condition  than  it  exists  in  blood 
serum,  and  later  we  shall  see  that  the  temperature  at  which  the 
germicidal  activity  of  blood  serum  is  arrested  is  variable,  and  de- 
pends upon  conditions  which  are  not  thoroughly  understood. 

Attempts  have  been  made  to  determine  the  nature  of  the  germi- 
cidal constituent  by  the  action  of  precipitating  reagents  on  the  pro- 
teids  of  blood  serum.  Buchner  was  not  able  to  obtain  a germicidal 
solution  by  precipitating  all  the  proteids  with  absolute  alcohol,  free- 
ing the  precipitate  from  alcohol,  drying  it,  and  then  redissolving  it. 
Inasmuch  as  he  failed  to  give  the  methods  employed  in  freeing  the 
precipitate  from  alcohol,  the  temperature  or  the  conditions  under 
which  it  was  dried,  and  the  nature  of  the  menstruum  by  which  re-so- 
lution was  effected,  his  conclusion  that  alcohol  destroys  the  germi- 
cidal substance  must  remain  open  to  question.  On  the  other  hand, 
Christmas  found  that  when  the  proteids  are  precipitated  with  alcohol 
and  the  precipitate  dissolved  in  a volume  of  water  equal  to  that  of 
the  original  solution,  the  solution  thus  obtained  has  a more  powerful 
germicidal  action  than  the  serum. 

Bitter  reached  the  conclusion  that  anthrax  and  typhoid  bacilli  are 
destroyed  by  “ precipitated  serum,”  but  not  so  energetically  as  by 
normal  serum.  Emmerich,  Tsuboi,  Steinmetz  and  Low  studied  the 
effect  of  precipitation  of  the  proteids  upon  the  germicidal  properties 
of  the  blood  serum.  An  active  serum  was  dialyzed  in  a sterilized 
parchment  paper  tube  against  water  for  from  twelve  to  eighteen 
hours.  By  the  expiration  of  that  time  the  serum  globulin,  becoming 
insoluble  on  account  of  the  withdrawal  of  inorganic  salts,  was  depos- 
ited. The  dialyzer  was  dried  with  sterilized  filter  paper,  and  the 
globulin-free  serum  was  precipitated  with  several  volumes  of  alcohol. 
The  precipitate  was  collected  on  a sterilized  filter  and  the  alcohol 
removed  by  sterilized  porous  plates  and  filter  paper.  The  precipi- 
. tate  was  then  finely  divided,  dried  for  half  an  hour  in  vacuo  at  36°, 
then  rubbed  up  in  a sterilized  mortar  and  dissolved  in  sterilized 
water,  to  which  salt  solution  had  been  added.  In  the  solution  thus 
prepared  germs  did  not  show,  after  from  three  to  four  hours,  either 
a marked  increase  or  decrease,  but  when  the  solution  was  heated  to 
100°,  allowed  to  cool,  and  then  inoculated  with  germs,  the  increase 
was  four  hundred-fold  within  four  hours.  It  was  next  found  that  if 
instead  of  water  a 0.05  per  cent,  aqueous  solution  of  potassic  hydrate 
was  employed  in  dissolving  the  alcoholic  precipitate  in  the  globulin- 
free  serum,  this  solution  possessed  all  the  germicidal  strength  of  the 
original  serum.  The  same  was  found  to  be  true  of  dilute  alkaline 
solutions  of  the  alcohol  precipitate  in  serum  from  which  the  globulin 
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had  not  been  removed.  The  dilute  alkaline  solution  was  shown  not 
to  have  any  germicidal  action  in  and  of  itself.  From  these  experi- 
ments the  above-mentioned  investigators  concluded  that  the  germi- 
cidal constituent  of  blood  serum  is  an  alkaline  compound  of  serum 
albumin.  They  also  found  that  heating  the  serum  albumin  alkaline 
solution  to  65°,  or  higher  destroyed  its  germicidal  action,  and  they 
explained  this  effect  of  heat  upon  blood  serum  and  other  artificial 
solutions  by  supposing  that  the  high  temperature  breaks  up  the  com- 
bination of  the  alkali  with  the  serum  albumin.  Furthermore,  they 
found  that  a serum  that  had  been  rendered  inactive  by  a temperature 
of  55°  could  be  regenerated,  in  part  at  least,  by  the  addition  of  a 
small  amount  of  alkaline  menstruum. 

Since  Fodor  and  Ziintz  have  shown  that  freshly  drawn  blood 
rapidly  decreases  in  alkalinity  on  standing  in  vitro , an  explanation  of 
the  fact  that  blood  serum  rapidly  loses  its  germicidal  properties 
naturally  suggests  itself.  Emmerich  and  his  co-workers  confirmed 
their  belief  in  this  theory  by  demonstrating  that  blood  serum  which 
has  been  rendered  feebly  acid  (0.67  part  of  sulphuric  acid  per  mille) 
has  no  germicidal  action,  but  furnishes  a good  culture  medium. 
These  investigators  show  the  important  role  that  the  small  amount 
of  alkali  plays  in  the  germicidal  action  of  blood  serum.  This  had 
already  been  demonstrated  by  Fodor  by  quite  a different  line  of 
investigation.  The  latter  found  that  the  resistance  of  rabbits  to 
anthrax  is  markedly  increased  by  the  administration,  by  stomach 
or  subcutaneously,  of  sodium  phosphate,  carbonate  or  bicarbonate, 
or  of  potassium  carbonate.  Low  concludes  that  the  introduction  of 
alkali  into  the  albumin  molecule  increases  its  lability,  and  he  cites 
examples  from  organic  chemistry  in  support  of  this  view.  Em- 
merich and  his  assistants  think  it  highly  probable  that  only  a com- 
paratively small  part  of  the  albumin  is  active,  and  this  small  part, 
they  suppose,  originates  in  the  albumin  of  the  daily  food  which  is 
converted  into  lymph  cells,  and  by  the  disintegration  of  these  it 
passes  into  solution  in  the  blood  ; however,  they  admit  that  there 
are  some  reasons  for  believing,  with  Buchner,  that  the  whole  of  the 
serum  albumin  is  active.  They  state  that  it  is  possible,  but  highly 
improbable,  that  the  germicidal  substance  is  not  the  serum  albumin, 
but  some  substance  that  is  precipitated  along  with  this  by  alcohol 
and  other  agents. 

In  1893  Vaughan  and  McClintock,  after  reviewing  the  literature, 
reported  their  work  on  the  germicidal  constituent  of  blood  serum  as 
follows  : 

1.  The  serum  albumin  is  not  the  germicidal  substance  in  blood 
serum.  Either  this  must  be  true  or  the  experiment  by  which  Buch- 
ner demonstrated  that  an  active  pepsin  does  not  destroy  the  germici- 
dal action  of  blood  serum  must  have  been  an  error ; because  peptic 
digestion  readily  and  completely  converts  serum  albumin  into  pep- 
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tons,  and  we  know  that  peptons  are  especially  favorable  to  bacterial 
growth. 

2.  The  germicidal  substance  must  belong  to  the  proteids.  Other- 
wise it  would  be  difficult  to  explain  the  fact  that  a temperature  of 
55°  renders  blood  serum  inactive. 

3.  The  only  proteid  likely  to  be  present  in  blood  serum  and  which 
is  not  destroyed  by  peptic  digestion  is  nuclein.  Having  reached 
these  conclusions,  the  following  questions  naturally  presented  them- 
selves : 

1.  Is  there  a nuclein  in  blood  serum?  2.  Has  this  nuclein,  if 
there  be  one,  germicidal  properties? 

The  first  of  these  questions  was  answered  in  the  following  manner  : 
An  active  blood  serum  was  treated  with  ten  times  its  volume  of  a 
mixture  of  equal  parts  of  absolute  alcohol  and  ether.  This  produced 
a voluminous  precipitate  which,  after  repeated  washings  with  alcohol 
and  ether,  was  submitted  to  the  action  of  pepsin-hydrochloric  acid 
in  the  incubator  at  38°.  Digestion  was  continued  until  the  super- 
natant fluid  failed  to  respond  to  the  biuret  test  for  peptons.  Each 
time  this  test  was  made  the  fluid  was  decanted  from  the  undigested 
part  and  replaced  by  an  equal  volume  of  fresh  digestive  fluid.  In 
all  cases,  digestion  was  prompt  and  proceeded  to  a certain  point, 
when  it  ceased  altogether.  The  undigested  proteid  was  small  in 
amount  and  grayish  in  color.  This  was  collected  on  a small  steril- 
ized filter,  and  washed  first  with  a 0.2  per  cent,  solution  of  hydro- 
chloric acid,  and  then  with  alcohol.  After  the  washing  with  alcohol, 
the  filter  was  allowed  to  stand  exposed  to  the  air  for  half  an  hour  or 
longer  in  order  that  all  of  the  alcohol  might  pass  through  or  evap- 
orate. The  precipitate  was  then  dissolved  in  a sterilized  solution  of 
potassic  hydrate.  The  strength  of  this  alkaline  solution  usually  em- 
ployed was  0.12  per  cent,  and  the  solution  contained  in  addition  to 
the  alkali  0.6  per  cent,  of  sodium  chlorid.  In  some  instances  a 
solution  containing  1.2  grams  of  potassic  hydrate,  six  grams  of 
sodium  chlorid,  and  one  gram  each  of  sodium  bicarbonate  and  diso- 
dium hydrogen  phosphate  to  one  liter  of  water,  was  employed  as  a 
solvent.  The  solution  was  filtered  through  a Chamberland  tube  and 
received  in  a sterilized  flask.  The  solution  thus  obtained  was  per- 
fectly clear,  colorless,  and  did  not  respond  to  the  biuret  test.  The 
addition  of  strong  nitric  acid  produced  a cloudiness,  which  dissolved 
on  the  further  addition  of  the  acid.  This  acid  solution  did  not  be- 
come yellow  on  being  heated,  but  did  so  after  the  addition  of  am- 
monia. It  is  true  that  there  was  no  ultimate  analysis  made  of  this 
substance,  but  the  above  experiments  demonstrate  the  fact  that  blood 
serum  contains  a proteid  which  resists  peptic  digestion,  does  not  re- 
spond to  the  biuret  and  xanthoproteic  tests,  and  which,  as  we  shall 
see  later,  has  marked  germicidal  properties.  Is  this  substance  serum 
albumin  or  is  it  a nuclein  ? Moreover,  the  presence  of  nucleinic  acid 


BLOOD  SERUM. 


109 


in  blood  serum  has  been  confirmed  by  the  work  of  Lilienfeld,  whose 
paper  was  published  in  1895,  while  that  of  the  American  investi- 
gators was  published  in  1893. 

The  germicidal  action  of  the  nuclein,  obtained  as  above  stated, 
•from  blood  serum,  was  abundantly  demonstrated  by  a long  series  of 
t experiments  published  in  the  original  contributions  on  this  subject 
.Hand  in  part  reproduced  in  the  third  edition  of  this  book. 

In  the  third  edition  of  this  book  there  occurred  the  following 
•.paragraph  : “ The  origin  of  the  nuclein  now  found  for  the  first  time 
in  blood  serum  is  an  interesting  question.  Does  it  come  from  the  dis- 
integration of  the  polynuclear  cells,  or  shall  we  regard  certain  white 
'blood  corpuscles  as  uuicellular  organisms  whose  function  it  is  to 
^secrete  this  nuclein  ? ” It  will  be  seen  from  what  is  to  follow  that 
^practically  all  the  investigations,  which  have  been  carried  on  since 
:the  above  paragraph  was  written,  have  had  for  their  object  the  solu- 
tion of  the  questions  there  proposed. 

Buchner  has  long  used  the  term  alexins  to  designate  the  germi- 
cidal substance  or  substances  that  exist  in  blood  serum  and  whose 
exact  nature  has  not  yet  been  determined.  His  most  potent  argu- 
ment against  alexin  being  a nuclein  lies  in  the  fact  that  when  blood 
-serum  is  heated  to  56°  or  58°  it  loses  its  bactericidal  properties ; 
while  it  is  well  kuown  that  aqueous  solutions  of  nucleinic  acid  are 
not  altered  by  much  higher  temperatures.  A serum  whose  germi- 
cidal action  has  been  destroyed  by  heat  is  designated  as  inactive, 
lit  is  within  the  range  of  possibility  that  there  may  be  a nuclein  ora 
nucleinic  acid  so  labile  that  it  loses  its  germicidal  action  at  the  rela- 
tively low  temperature  mentioned  above.  It  is  also  possible  that 
while  an  aqueous  solution  of  nucleinic  acid  may  retain  its  germicidal 
: properties  at  100°,  when  mixed  with  the  constituents  of  blood 
-serum  it  may  be  altered  at  a much  lower  temperature.  It  will  be 
-seen  from  this  that  the  effect  of  temperature  upon  the  alexins  of 
'the  blood  is  a matter  of  importance  inasmuch  as  it  may  be  suggestive 
of  the  composition  of  these  bodies.  Bail  1 in  his  studies  on  the 
action  of  leukocidin  found  that  while  this  toxin  dissolves  or  disinte- 
grates the  leucocytes,  it  does  not  destroy  the  bactericidal  substance 
contained  in  them  and  that  when  this  phenomenon  occurs  the  ger- 
micidal constituent  of  the  white  blood  corpuscle  passes  into  solution, 
?and  that  such  a solution  may  be  boiled  without  losing  its  germicidal 
properties.  He  also  ascertained  that  when  isolated  leucocytes  are  ex- 
tracted with  alkaline  sodium  chlorid  solution  and  this  extract  precipi- 
tated with  acetic  acid  and  then  redissolved  in  an  alkaline  inactive  di- 
lute blood  serum,  a germicidal  solution  is  obtained  and  that  this  may 
be  heated  for  one-half  hour  to  85°  without  loss  of  bactericidal  prop- 
erties. F urthermore,  he  showed  that  the  germicidal  properties  were 
due  to  the  substance  precipitated  with  acetic  acid  inasmuch  as  he 

1 Archiv  f.  Hygiene , 30  and  32. 
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found  that  on  removal  of  this  precipitate  the  solution  became  inac- 
tive. Lowit 1 rubbed  up  isolated  leucocytes  with  pulverized  glass 
and  extracted  from  the  powder  thus  obtained  a bactericidal  sub- 
stance which  is  not  destroyed  or  even  weakened  in  action  by  five 
minutes’  boiling.  The  germicidal  extract  thus  obtained  is  cloudy,  of 
feebly  alkaline  reaction,  gives  the  biuret  test,  contains  but  little 
proteid  which  is  precipitable  by  heat,  and  yields  a flocculent  precip- 
itate on  the  addition  of  acetic  acid.  From  their  investigations  both 
Bail  and  Lowit  conclude  that  the  heat-resisting  bactericidal  substance 
obtained  by  them  is  nuclein  or  nucleinic  acid  or  a derivative  of  one  of 
these  substances.  Schattenfroh  2 combats  the  conclusion  reached  by 
the  above-mentioned  authors.  He  claims  that  the  germicidal  sub- 
stance obtained  by  Lowit  consists  of  sodium  silicate  extracted  from 
the  powdered  glass,  and  he  attempts  to  demonstrate  this  by  an  ex- 
periment in  which  the  germicidal  action  of  this  compound  is  tested. 
This  experiment,  however,  is  not  convincing,  inasmuch  as  it  shows 
that  even  a one  per  cent,  solution  of  sodium  silicate  is  practically 
without  bactericidal  properties  ; and  it  is  not  probable  that  water  or 
physiological  salt  solution  will  extract  from  glass  a stronger  solu- 
tion than  this.  In  his  criticism  on  the  work  of  Bail,  Schattenfroh 
admits  that  the  results  obtained  by  his  opponent  are  exactly  what 
he  himself  observed,  but  he  thinks  that  in  this  case  the  heat-resist- 
ing germicidal  substance  is  the  alkali  used  in  extracting  the  leuco- 
cytes. This  criticism  also  is  somewhat  far-fetched  inasmuch  as 
Schattenfroh  attempts  to  demonstrate  the  truth  of  his  assertion  by 
showing  that  Bail’s  extract,  when  neutralized  or  rendered  feebly 
acid,  is  without  germicidal  properties,  but  everyone  knows  that 
blood  serum  when  neutralized  or  rendered  feebly  acid  also  becomes 
inactive.  Moreover,  Fodor  long  ago  demonstrated  that  increasing 
the  alkalinity  of  the  blood  increases  its  germicidal  properties. 
Sc  batten  fro  h’s  own  investigations  have  demonstrated  that  a tempera- 
ture of  56°  to  58°  does  not  destroy  the  alexins  in  aqueous  extracts 
of  isolated  leucocytes.  On  this  point  he  makes  the  following  state- 
ment : “ Experiment  3 and  others  leave  no  longer  room  for  doubt 
that  the  bactericidal  action  of  leucocytes  is  retained  after  being 
heated  in  distilled  water  for  half  an  hour  to  from  55°  to  60°.  It 
may  be  seen  from  what  has  been  stated  that  the  resistance  of  the 
alexins  to  heat  is  largely  dependent  upon  the  nature  of  the  menstruum 
in  which  they  are  dissolved  or  held  in  suspension.” 

The  evidence  concerning  the  manner  in  which  the  leucocytes  pro- 
duce alexins  is  scarcely  more  satisfactory  than  that  bearing  upon  the 
influence  of  temperature  upon  the  latter.  Hankin 3 was  probably 
the  first  to  suggest  that  the  alexins  are  products  of  the  amphophil 

1 Ziegler’s  Beitrage,  22. 

2 Archiv  f.  Hygiene,  35. 
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leucocytes,  which  he  proposes  should  be  caHed  alexocytes.  Accord- 
ing to  his  theory  the  pseudo-eosinophil  granules  constitute  the  parent 
substance  of  the  alexins.  He  succeeded  in  diminishing  the  number 
of  these  leucocytes  in  the  blood  by  the  intravenous  injection  of  leech 
extract  and  found  that  the  blood  thus  obtained  was  not  equivalent  to 
normal  blood  in  its  germicidal  properties.  Denys 1 and  his  students 
were  among  the  earlier  advocates  of  the  theory  that  the  alexins  are 
secretion  products  of  the  leucocytes.  Buchner2  obtained  leucocytes 
in  relatively  large  numbers  by  introducing,  under  aseptic  precautions, 
wheat  gluten  or  aleuron  into  the  pleural  cavities  of  animals ; an 
exudate  rich  in  white  blood  corpuscles  forms  about  the  foreign  body 
after  a few  hours  and  the  corpuscles  thus  obtained  serve  for  experi- 
mentation. The  purpose  of  Buchner’s  first  experiments  was  to  com- 
bat the  phagocytic  theory  of  Metschnikoff,  and  he  demonstrated  that 
the  leucocytes,  obtained  as  stated  above,  when  destroyed  by  alternate 
freezing  and  thawing,  markedly  increased  the  germicidal  action  of 
the  serum  in  which  they  were  suspended,  while  at  the  same  time  they 
were  deprived  of  life.  In  other  words,  these  experiments  demon- 
strated that  the  disintegration  of  white  blood  corpuscles  liberates  a 
germicidal  substance.  Leucocytes  obtained  after  Buchner’s  method 
can  be  freed  from  serum  in  the  centrifuge,  and  may  be  dissolved  or 
suspended  in  physiological  salt  solution,  distilled  water,  or  in  either 
an  active  or  an  inactive  serum.  By  experiments  of  this  kind  Hahn s 
demonstrated  that  the  addition  of  leucocytes  to  an  active  serum  in- 
creased the  activity  of  the  latter,  while  when  added  to  an  inactive 
serum  they  restored  its  activity.  In  this  way  it  has  been  shown 
beyond  controversy  that  blood  serum  owes  its  germicidal  properties 
to  the  white  corpuscles.  Numerous  investigators  have  fully  demon- 
strated that  the  disintegration  of  the  leucocyte  is  followed  by  the 
liberation  of  alexins,  and  the  most  important  question  still  unsettled 
in  this  connection  is  whether  or  not  the  living  white  corpuscles 
secrete  alexins.  Laschtschenko 4 has  shown  that  either  active  or  in- 
active serum  of  the  horse  extracts  alexins  from  the  leucocytes  of  the 
rabbit.  This  experiment  was  made  in  the  following  way : The 
leucocytes  were  obtained  in  a pleural  exudate,  prepared  after  the 
method  of  Buchner.  This  exudate  was  placed  in  a centrifuge  and 
the  corpuscles  separated  from  the  serum.  The  corpuscles  were  then 
repeatedly  washed  in  the  centrifuge  with  physiological  salt  solution 
and  after  they  had  been  thoroughly  separated  from  all  the  constit- 
uents of  the  serum  they  were  well  mixed  with  serum  obtained  from 
other  animals  and  freed  from  their  own  corpuscles  by  means  of  the 
centrifuge.  Both  active  and  inactive  sera  were  used  in  these  experi- 
ments. The  result,  which  has  already  been  stated,  is  attributed  to 

1 La  cellule,  10,  et  seq. 

2 Munchener  med,  Wochenschrift,  1894. 

s Archiv  f.  Hygiene,  25. 

4 Archiv  f.  Hygiene,  37. 
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the  biological  stimulation »of  the  foreign  serum  on  the  leucocytes  of 
the  rabbit.  It  must  be  admitted,  however,  that  it  is  possible  that  the 
serum  of  the  horse  destroys  the  leucocytes  of  the  rabbit  and  that  the 
germicidal  substances  which  pass  into  solution  in  the  serum  result 
from  the  disintegration  of  the  corpuscles.  From  microscopical  study 
of  the  leucocytes  thus  subjected  to  the  action  of  the  serum  of  the  horse, 
Trommsdorff1  concludes  that  the  leucocytes  still  retain  their  vitality 
while  the  alexins  pass  from  them  into  the  serum.  He  finds  that  cor- 
puscles treated  in  this  way  still  possess  amoeboid  movement  and  when 
compared  with  leucocytes  known  to  be  living  show  no  signs  of  dis- 
integration. It  is  therefore  highly  probable  that  the  living  leucocyte 
secretes  a germicidal  substance. 

We  will  close  our  remarks  upon  the  germicidal  constituent  of  the 
blood  with  the  following  statements  : (1)  The  exact  nature  of  the 
germicidal  constituents  of  the  blood,  or  alexins,  is  not  known.  (2) 
The  alexins  have  their  origin  in  the  white  blood  corpuscles.  (3)  Dis- 
integration of  the  white  blood  corpuscle  liberates  alexins.  (4)  It  is 
probably  true  that  alexins  are  also  secreted  by  living  leucocytes. 


1 Archiv  f.  Hygiene,  40. 
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The  announcement  by  Widal,1  that  typhoid  bacilli,  killed  by  a 
heat  of  56°,  are  still  agglutinated  with  the  homologous  serum,  led 
Kraus 2 * * to  try  the  effect  of  an  homologous  serum  on  a filtered  bac- 
terial culture,  and  this  experiment  was  the  beginning  of  our  knowl- 
edge of  the  specific  precipitins.  Cultures  of  the  cholera  bacillus 
were  freed  from  germs  by  filtration  through  porcelain,  and  after 
having  been  proved  to  be  sterile  were  treated  with  different  quanti- 
ties of  a sterile  cholera  serum.  When  these  two  fluids  were  mixed 
the  mixture  became  cloudy  and  after  a while  filled  with  fine  floccules 
which  gradually  subsided,  leaving  a supernatant  clear  fluid.  Fur- 
ther investigation  showed  that  the  germ-free  bacterial  culture  and 
the  serum  must  be  homologous  in  order  to  obtain  this  precipitation. 
A serum  obtained  from  an  animal  which  has  been  rendered  immune 
to  the  cholera  bacillus  gives  a precipitate  when  added  to  filtered  cul- 
tures of  the  cholera  bacillus,  but  gives  no  cloudiness  when  added  to 
like  cultures  of  any  other  germ.  It  was  also  found  that  the  serum 
of  non-immunized  animals  does  not  give  precipitates  with  the  filtered 
cultures  of  any  of  the  pathogenic  bacteria.  Kraus  extended  his  in- 
vestigations using  the  sera  and  filtered  cultures  not  only  of  cholera, 
but  also  of  typhoid  fever  and  the  plague,  and  found  that  the  reaction 
observed  by  him  was  a specific  one  inasmuch  as  it  was  obtained  only 
with  homologous  sera  and  bacterial  filtrates,  and  not  with  heterolo- 
gous fluids.  Furthermore,  he  demonstrated  that  the  substance  in  the 
filtered  culture  to  which  this  reaction  is  due  exists  within  the  bac- 
terial cell.  This  he  did  by  rubbing  up  cholera  bacilli  taken  from 
agar  cultures  with  powdered  glass  and  submitting  this  mixture  to  a 
pressure  of  300  atmospheres  ; the  compressed  mass  was  then  ex- 
tracted with  alkaline  bouillon,  diluted  and  filtered  through  porcelain, 
when  it  was  found  that  this  filtrate  gave  a precipitate  with  cholera 
serum.  This  shows  that  the  specific  reaction  observed  in  these  experi- 
ments for  the  first  time,  is  due  to  the  presence  in  the  filtrate  of  a sub- 
stance extracted  from  the  bacterial  cells.  Cultures  filtered  in  the  ordi- 
nary way  through  stone  give  this  reaction  because  filtrates  thus  obtained 
contain  substances  which  originated  within  the  bacterial  cells. 

Nicolle  5 repeated,  confirmed  and  extended  the  observations  of 

1 La  Semaine  Med..,  1897. 

2 Wiener  klin.  Wochenschrift,  1897. 

1 Annates  deTInstitul  Pasteur , 12. 
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Kraus,  and  subsequent  investigations  by  others  have  shown  that  this 
specific  reaction  holds  good  with  all  bacteria  to  which  animals  have 
been  immunized. 

The  substance  in  the  serum  which  enters  into  this  reaction  is 
known  as  the  precipitin  and  the  precipitate  thus  formed  is  designated 
as  a precipitum. 

Bordet  found  that  when  milk  which  had  been  partially  sterilized 
by  being  heated  for  one  hour  at  65°  was  injected  intraperitoneally 
and  this  injection  repeated  at  short  intervals  for  some  time,  the 
blood  serum  of  the  animals  thus  treated  gives  with  the  milk  which 
has  been  injected  a precipitate.  He  placed  three  c.c.  of  the  serum 
from  the  animal  treated  with  the  milk  in  one  test-tube  and  the  sera 
of  other  animals  in  corresponding  tubes  as  controls,  and  found  that 
on  the  addition  of  the  milk  w'hich  had  been  used  in  the  treatment 
of  the  animal,  a precipitate  appears,  while  no  cloudiness  occurs 
on  the  addition  of  the  same  milk  to  other  sera.  On  the  ad- 
dition of  ten  or  twelve  drops  of  milk  to  the  homologous  serum, 
floccules  form  and  slowly  subside,  leaving  a clear  supernatant 
fluid,  while  in  the  other  sera  the  milk  diffuses,  forming  opalescent 
homogeneous  fluids.  Further  investigations,  notably  those  of  Was- 
sermann  and  Schiitze,1  have  shown  that  the  serum  of  a rabbit  treated 
with  cow’s  milk  gives  a precipitate  with  cow’s  milk  and  not  with 
the  milk  of  any  other  animal,  and  that  rabbits  treated  with  goat’s 
milk  furnish  a serum  that  gives  precipitates  with  goat’s  milk  and 
with  no  other  milk  ; and  the  same  holds  good  when  the  experiments 
are  made  with  woman’s  milk.  By  this  reaction  the  source  of  a given 
sample  of  milk  can  be  told  with  certainty.  The  following  are  the 
details  of  an  experiment  of  this  kind  : Several  rabbits  were  treated 
subcutaneously  or  intraperitoneally  at  intervals  of  from  three  to 
four  days  with  from  10  to  50  c.c.  of  cow’s  milk,  sterilized  with 
chloroform,  while  a like  number  were  treated  in  the  same  way  with 
goat’s  milk,  and  a third  lot  treated  with  woman’s  milk.  After  the 
rabbits  had  undergone  this  treatment  for  about  three  weeks  and 
each  had  received  about  100  c.c.  of  milk,  they  were  bled  and  their 
sera,  diluted  1:5,  were  added  to  milk,  diluted  1:40,  and  these  mix- 
tures allowed  to  stand  at  room  temperature  for  some  hours.  It  was 
found  that  the  serum  from  the  rabbits  treated  with  cow’s  milk  pre- 
cipitated the  albuminous  substances  in  cow’s  milk,  but  had  no  such 
action  on  the  milk  of  either  woman  or  goat ; while  the  serum  of  the 
rabbit  treated  with  goat’s  milk  precipitated  the  casein  of  goat’s  milk 
and  had  no  effect  upon  that  of  the  woman  or  the  cow,  etc.  The 
serum  of  animals  that  have  been  treated  as  above  described  with 
milk  is  designated  lactoserum,  and  it  has  been  found  that  the 
lactosera  are  in  all  cases  specific  in  their  reactions.  Indeed,  the  dis- 
covery of  this  reaction  has  shown  that  the  proteids  of  the  milk  of 

1 Deutsche  med.  Wochenschrift,  1900. 
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each  species  of  animal  differ  from  those  of  every  other  species,  and 
it  certainly  should  convince  us  that  it  is  impossible  by  any  chemical 
process  to  make  cow’s  milk  a perfect  substitute  for  the  mother’s 
milk  in  the  feeding  of  infants.  Fisch  ] found  that  rabbits  treated 
with  an  emulsion  of  the  cells  of  the  udders  of  animals  furnish  spe- 
cific lactosera,  and  this  demonstrates  that  milk  is  not  a filtration 
product,  but  that  some  of  its  important  constituents  result  from  the 
transformation  of  the  specific  cells  of  the  gland.  Milk  which  has 
been  boiled  for  half  an  hour  loses  its  power  of  forming  a prccipitum 
on  the  addition  of  its  specific  lactoserum. 

Myers2  prepared  crystallized  egg  albumin  from  fresh  eggs  and  by 
repeated  intraperitoneal  injections  of  this  substance  into  rabbits,  he 
obtained  a serum  that  gives  a dense  precipitate  when  added  to  so- 
lutions of  crystallized  egg  albumin.  This  precipitate  forms  at  or- 
dinary temperature,  but  its  formation  is  accelerated  at  37°.  It  is 
soluble  in  two  per  cent,  sodium  chlorid  solution  and  such  a solution 
gives  the  ordinary  proteid  reactions.  The  serum  of  a rabbit  treated 
with  egg  albumin  from  the  fowl  forms  a slight  precipitate  with  the 
albumin  obtained  from  ducks’  eggs.  Ovasera  have  no  precipitating 
action  on  globulin  obtained  from  sheep  serum  nor  on  that  from  bul- 
lock serum,  nor  on  serum  albumin  from  the  sheep  or  the  bullock,  nor 
on  pepton.  Myers  next  prepared  serum  globulin  from  the  blood  of 
the  sheep  and  obtained  from  rabbits  treated  with  this  preparation  a 
serum  which  has  no  action  on  egg  albumin  or  upon  pepton,  but  does 
give  a slight  precipitate  with  globulin  obtained  from  bullock’s  serum. 
The  serum  of  a rabbit  immunized  against  the  globulin  of  the  sheep’s 
blood  also  agglutinates  the  red  corpuscle  of  the  sheep.  This  un- 
doubtedly is  due  to  the  presence  in  the  red  blood  corpuscles  of  the 
sheep  of  a substance  allied  to,  if  not  identical  with,  the  globulin  ob- 
tained from  sheep’s  blood.  It  was  also  found  that  the  globulin 
serum  agglutinates  the  washed  red  blood  corpuscles  of  the  fowl. 
From  these  observations  Myers  draws  the  following  conclusions  : “ It 
follows  from  these  facts  that  the  product  here  called  ‘ sheep’s  glob- 
ulin ’ is  a mixture  of  substances.  The  main  portion  of  the  pre- 
cipitum  given  by  its  precipitin  is  formed  from  a substance  which  is 
not  present  in  the  ‘ serum  globulin  ’ of  the  bullock.  One  substance, 
present  in  small  quantities  in  the  sheep’s  globulin,  is,  however,  also 
present  in  bullock’s  globulin,  since  the  precipitin  of  sheep’s  globulin 
gives  a small  precipitum  with  bullock’s  globulin.  This  substance 
common  to  the  two  globulins  is  not  present  in  the  red  corpuscles  of 
the  sheep  or  fowl,  since  the  precipitin  in  bullock’s  globulin  does  not 
agglutinate  these  corpuscles.  Further,  we  must  suppose  that  there 
are  two  other  substances  in  the  serum  globulin  of  the  sheep,  one 
present  in  fowl’s  red  corpuscles  and  the  other  present  in  those  of  the 

1 St.  Louis  Courier  of  Medicine.,  1900. 

2 The  Lancet,  Vol.  II.,  1900. 
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sheep,  since,  as  the  following  experiment  shows,  immunization  against 
sheep’s  globulin  leads  to  the  appearance  in  the  serum  of  two  distinct 
agglutinins,  for  sheep’s  and  for  fowl’s  corpuscles,  respectively.  It 
the  serum  of  a rabbit  immunized  against  sheep’s  globulin  be  allowed 
to  agglutinate  washed  corpuscles  of  the  sheep,  the  clear  fluid  left 
above  the  corpuscles  will  not  now  agglutinate  fresh  corpuscles  of  the 
sheep  if  sufficient  corpuscles  have  been  used  in  the  first  instance. 
But  this  fluid  still  has  the  power  of  agglutinating  fowl’s  corpuscles. 
And,  conversely,  after  antiglobulin  has  agglutinated  fowl’s  cor- 
puscles, it  has  lost  the  power  of  agglutinating  fresh  fowl’s  cor- 
puscles, but  will  still  agglutinate  those  of  the  sheep.”  Animals 
immunized  with  pepton  furnished  a serum  which  gave  a precipitum 
with  pepton  and  failed  to  react  with  any  other  proteid.  The  pepton 
precipitum,  after  being  carefully  washed  with  physiological  salt  so- 
lution and  then  dissolved  in  two  per  cent,  saline  solution,  does  not 
give  the  biuret  test.  Myers  attempted  to  determine  whether  or  not 
the  precipitin  is  used  up  in  the  formation  of  the  precipitum  and  on 
this  point  he  makes  the  following  statement : “ A mixture  of  the 
precipitins  of  bullock’s  globulin  and  egg  albumin  was  added  to  a so- 
lution of  egg  albumin.  After  standing  at  37°  for  fifteen  hours  the 
mixture  was  centrifugalized  and  the  clear  fluid  was  tested  for  the 
presence  of  the  precipitins.  It  was  found  to  give  a precipitum  with 
bullock’s  globulin  but  to  give  none  with  egg  albumin.  At  the  same 
time  a control  experiment  was  made  with  a mixture  of  the  precipi- 
tins of  egg  albumin  and  bullock’s  globulin  with  bullock’s  globulin. 
In  this  case  the  clear  fluid  precipitated  with  egg  albumin  but  not 
with  bullock’s  globulin.  Experiments  of  a similar  kind  with  the 
precipitins  of  egg  albumin  and  sheep’s  globulin  were  made,  and  in 
this  case  also  the  one  or  other  of  the  precipitins  disappeared.  From 
these  experiments  it  is  concluded  that  the  precipitins  are  used  up  in 
the  course  of  their  action,  and  bearing  in  mind  their  specificity,  this 
is  strong  evidence  that  the  action  of  these  bodies  is  chemical.” 
Uhlenhuth  1 broke  freshly  laid  eggs  in  sterilized  beakers,  diluted 
with  physiological  salt  solution,  stirred  with  sterilized  rods,  and  thus 
prepared  a solution  which  could  be  easily  injected  intra-peritoneally 
into  rabbits.  In  this  way  he  introduced  into  each  animal  at  each 
time  the  whites  of  from  two  to  three  eggs,  and  notwithstanding  the 
large  volume  of  the  fluid,  which  frequently  measured  100  c.c.,  it  was 
well  borne.  After  this  operation  had  been  repeated  several  times 
the  rabbits  furnished  ovasera  which  proved  to  be  most  delicate  re- 
agents in  testing  for  egg  albumin,  inasmuch  as  a few  drops  of  such  a 
serum  added  to  egg  albumin  diluted  with  one  hundred  thousand  parts 
of  water,  give  a distinct  cloudiness,  while  nitric  acid  and  acetic  acid 
and  ferrocyanide  of  potassium  fail  to  indicate  the  presence  of  albumin 
when  the  solution  is  diluted  only  1:1000.  Moreover,  this  reaction 


1 Deutsche  med.  Wochenschrifl,  1900. 


PRECIPITINS. 


117 


is  specific  and  these  ovasera,  which  furnish  such  delicate  reagents  for 
testing  for  egg  albumin,  do  not  give  any  precipitate  with  alkaline 
albuminates,  peptons,  casein,  or  blood  serum.  However,  it  was 
found  that  ovasera  obtained  from  animals  immunized  to  the  albumin 
of  hen’s  eggs  do  react  with  the  albumin  of  pigeon’s  eggs.  Uhlenhuth 
obtained  feebly  active  ovasera  by  prolonged  and  excessive  feeding  of 
rabbits  with  egg  albumin  by  the  mouth.  However,  the  serum  thus 
obtained  was  only  slightly  active  and  it  is  probable  that  the  small 
amount  of  precipitin  in  this  serum  was  due  to  traces  of  egg  albumin 
absorbed  unchanged  through  the  walls  of  the  stomach  or  intestines. 
Ovasera  may  be  heated  for  one  hour  at  60°  without  injury  to  their 
precipitins. 

Leclainche  and  Vall&e1  injected  albuminous  urine  intravenously 
into  rabbits.  They  used  in  this  way  20  c.c.  at  a time  and  repeated 
at  intervals  until  each  animal  received  from  150  to  200  c.c.  The 
serum  of  animals  thus  treated  furnishes  a very  delicate  test  for 
albuminous  urine,  giving  an  immediate  precipitation.  Urinsera 
do  not  precipitate  non-albuminous  urine.  Moreover,  if  the  ani- 
mal has  been  rendered  immune  with  a urine  containing  serum 
globulin,  the  serum  from  this  animal  does  not  precipitate  urine  con- 
taining serum  albumin,  and  vice  versa.  Urinsera  also  precipitate 
pleuritic  and  other  exudates,  thus  showing  that  the  proteids  of  al- 
buminous urine  and  of  these  exudates  are  identical.  There  is  some 
contradiction  in  the  statements  concerning  the  action  of  urinsera  on 
the  blood  serum  of  man.  This  point  needs  more  extended  observa- 
tion. Mertens2  immunized  a rabbit  with  placental  blood  serum  and 
found  that  the  serum  obtained  from  this  animal  produced  a precipi- 
tum  in  human  blood  serum  and  in  albuminous  urine  from  man,  but 
was  without  effect  upon  the  blood  serum  of  normal  rabbits  or  upon 
the  albuminous  urine  of  a rabbit  whose  kidneys  had  been  injured  by 
the  administration  of  cantharides. 

Zuelzer3  treated  rabbits  with  from  5 to  10  c.c.  of  albuminous 
urine  (containing  from  1 to  9 per  m.  of  albumin)  at  intervals  of  from 
one  to  three  days  for  two  weeks,  obtaining  from  the  animals  thus 
treated  a serum  which  precipitated  both  albuminous  urine  and  the 
blood  of  man. 

Tchistovitch 4 rendered  animals  immune  to  eel  serum  which  is 
toxic,  and  obtained  from  the  animals  thus  immunized  a serum  which 
produced  a precipitum  in  the  eel  serum.  His  conclusions  are  as 
follows  : 

1.  Rabbits,  dogs,  goats,  and  pigeons  are  easily  immunized  against 
the  serum  of  the  eel;  it  is  infinitely  more  difficult  to  immunize 
guinea-pigs. 

1 Comptes  Rerulus  de  la  Society  dr.  Biologie,  1901. 

2 Deutsche  med.  Wochennehrifl,  1901. 

3 Deutsche  rne.d.  Wochemchri/t,  1901. 

4 Annates  dr,  V Institut  Pasteur , 13. 
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2.  There  appears  in  the  blood  of  the  immunized  animals  an  anti- 
toxin which  in  vitro  neutralizes  the  solvent  action  of  the  toxin  on 
the  red  blood  corpuscles  of  the  rabbit,  and  which,  when  injected  into 
the  blood,  prevents  the  action  of  the  toxin. 

3.  This  antitoxin  appears  in  the  blood  promptly,  even  after  from 
two  to  four  injections,  and  in  the  rabbit  it  is  at  this  time  at  its 
maximum  strength ; in  general,  its  antitoxic  value  is  not  great. 

4.  In  the  course  of  a prolonged  immunization,  the  strength  of  the 
antitoxin  progressively  diminishes  while  the  resistance  of  the  rabbit 
against  the  toxin  increases. 

5.  The  red  blood  corpuscles  of  immunized  rabbits  are  less  soluble 
in  the  serum  of  the  eel  than  are  the  corpuscles  of  non-treated 
animals. 

6.  The  resistance  of  the  corpuscles  is  not  in  proportion  to  the 
amount  of  antitoxin  present  in  the  blood  of  the  immunized  animal ; 
on  the  contrary,  one  observes  a certain  antagonism  between  the  re- 
sistance of  the  corpuscles  and  the  strength  of  the  antitoxin,  and  in 
instances  in  which  the  latter  is  of  relatively  great  strength  the  solu- 
bility of  the  corpuscles  may  be  slightly  augmented. 

7.  The  injection  of  eel  serum  into  the  blood  is  followed  by  a nota- 
ble diminution  in  the  number  of  leucocytes  in  an  untreated  animal 
and  an  augmentation  or  a slight  diminution  in  immunized  animals. 
In  a mixture  of  eel  serum  with  an  antitoxin  obtained  from  an  im- 
munized animal  one  observes  a cloudiness  and  a precipitation  similar 
to  that  reported  by  Kraus  in  filtered  bacterial  cultures.  This  pre- 
cipitate is  insoluble  in  water,  in  neutral  salts,  and  in  alkaline  car- 
bonates, but  is  easily  soluble  in  alkalis  and  acids.  Its  formation 
resembles  the  coagulation  of  a substance  dissolved  in  toxic  or  anti- 
toxic serum. 

8.  The  volume  of  this  precipitate  is  ordinarily  in  proportion  to 
the  strength  of  the  antitoxin  ; its  formation  is  retarded  by  heating 
the  antitoxin  to  70°  for  one-half  hour;  and  heating  the  eel  serum  to 
80°  renders  it  incoagulable  by  the  antitoxin. 

9.  The  coagulation  is  not  directly  due  to  the  antitoxin  for  one  may 
obtain  antitoxic  sera  which  do  not  give  a coagulum. 

10.  Antitoxic  sera  acquire  very  promptly  the  property  of  agglu- 
tinating the  red  corpuscles  of  the  animals  whose  blood  or  serum  is 
injected. 

11.  The  power  of  agglutinating  the  red  blood  corpuscles  does  not 
correspond  with  the  coagulating  power  and  the  former  may  be  pro- 
nounced in  a serum  which  does  not  coagulate  its  homologous  toxin. 

12.  The  agglutination  of  red  blood  corpuscles  is  not  caused  by  the 
coagulation  of  substances  dissolved  in  the  liquid  portion. 

Bordet 1 injected  the  defibrinated  blood  of  the  chicken  into  rabbits 
and  obtained  from  the  latter  a serum  which  produced  a precipitum 

1 Annates  de  l’ Inst i tut  Pasteur,  13. 
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in  chickens’  blood,  also  agglutinized  and  dissolved  the  corpus- 
cles. Uhlenhuth  1 treated  rabbits  intraperitoneally  with  dilutions  of 
chickens’  blood,  and  obtained  from  the  former  animals  a serum  which 
gave  a precipitum  with  chickens’  blood,  but  had  no  such  action  on 
the  blood  of  the  horse,  donkey,  cow,  sheep  or  pigeon ; nor  did  it 
produce  any  precipitum  in  solutions  of  egg  albumin,  nor  in  the  serum 
of  normal  rabbits. 

Wolff2  allowed  chickens’  blood  to  flow  into  four  times  its  volume 
of  a one  per  cent,  solution  of  salt  and  separated  the  corpuscles  from 
the  plasma  and  injected  both  of  these  separately  into  two  sets  of 
rabbits.  From  four  to  six  injections  at  intervals  of  four  to  five  days 
were  made  and  only  those  animals  treated  with  the  blood  plasma 
yielded  a precipitum  with  chicken  blood  ; those  treated  with  the  cor- 
puscles had  no  such  effect.  Other  rabbits  treated  in  the  same  man- 
ner with  dog’s  blood  corpuscles  and  plasma  gave  similar  results,  the 
precipitins  being  found  only  in  those  animals  which  had  been  treated 
with  the  fluid  portion  of  the  blood. 

Uhlenhuth 3 treated  rabbits  intraperitoneally  at  intervals  of  from 
six  to  eight  days  with  10  c.c.  of  defibrinated  blood  at  each  injection. 
After  the  fifth  injection  the  serum  from  the  treated  animals  was  ob- 
tained and  used  for  testing  blood  from  various  sources.  The  blood  to 
be  tested  was  diluted  with  tap  water  until  it  was  reduced  to  a feebly 
red  color  (1:100).  This  diluted  blood  was  freed  from  stroma  either  by 
filtration  or  by  decantation,  and  two  c.c.  of  it  was  placed  in  test-tubes 
and  diluted  with  an  equal  volume  of  double  physiological  salt  solu- 
tion (1.6  per  cent.).  It  is  important  that  blood  should  be  diluted 
with  physiological  salt  solution  and  not  wholly  with  water,  which  is 
likely  to  cloud  certain  bloods  when  diluted.  Blood  thus  prepared 
was  obtained  from  the  ox,  horse,  donkey,  pig,  sheep,  dog,  cat,  deer, 
hare,  guinea-pig,  rat,  mouse,  rabbit,  chicken,  goose,  turkey,  pigeon  and 
man.  To  tubes  containing  diluted  blood  from  each  of  the  above- 
mentioned  animals,  from  six  to  eight  drops  of  the  serum  of  the  rab- 
bit which  had  been  treated  with  ox  blood  was  added.  The  ox  blood 
was  immediately  clouded,  while  all  others  remained  perfectly  clear. 
The  clouding  in  the  first  mentioned  grew  in  intensity  and  finally 
formed  floccules  which  gradually  subsided.  It  will  be  seeu  that 
by  this  test  ox  blood  was  easily  distinguished  from  all  others  with 
which  it  was  compared.  Uhlenhuth  was  also  able  to  distinguish 
ox  blood  from  that  of  man  or  the  horse,  the  three  kinds  having  been 
obtained  from  stains  four  weeks  old. 

Stern  4 treated  animals  subcutaneously  with  human  blood,  employ- 
ing from  five  to  ten  c.c.  at  each  injection  with  intervals  of  two  or 
more  days.  After  from  two  to  three  weeks,  he  obtained  from  the 

1 Deutsche  med.  Wochenschrift,  1900. 

2 Anrudes  de  P Institut  Pasteur,  14. 

3 Deutsche  med.  Wochenschrift,  1901. 

4 Deutsche  med.  Wochenschrift,  1901. 
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rabbits  a serum  which  precipitated  the  blood  serum  obtained  from 
man,  also  albuminous  urine  from  man,  and  did  not  precipitate  the 
blood  serum  of  the  horse,  sheep  or  ox.  He  states,  however,  that 
the  reaction  is  not  wholly  a specific  one,  inasmuch  as  the  serum  ob- 
tained in  this  case  gave  marked  cloudiness  with  blood  sera  obtained 
from  three  different  species  of  ape. 

Wassermann  and  Schiitze 1 tested  serum  obtained  from  rabbits 
treated  with  human  blood  on  23  kinds  of  blood,  and  found  that 
none  of  these  reacted  except  blood  from  man  and  from  a baboon  ; 
however,  the  reaction  with  the  blood  of  the  baboon  was  not  nearly 
so  marked  as  that  with  the  blood  of  man. 

Dieudonn6 2 treated  rabbits  with  human  blood  serum,  albuminous 
urine,  and  pleuritic  exudate.  The  rabbits  treated  with  human  blood 
serum  furnished  a serum  which  gave  a precipitum  with  human  blood 
and  had  no  effect  on  the  blood  of  the  rabbit,  the  guinea-pig,  the 
pigeon  or  the  goose.  The  animals  treated  with  albuminous  urine 
gave  a precipitum  in  the  albuminous  urine  of  man  and  had  no  effect 
upon  the  normal  urine  of  man  or  that  of  the  rabbit.  The  serum  ob- 
tained from  animals  treated  with  human  pleuritic  exudate  gave  no 
reaction  with  a similar  exudate  obtained  from  a guinea-pig.  The 
serum  obtained  from  the  rabbits  treated  with  human  blood  serum 
gave  a precipitum  not  only  with  human  blood,  but  also  with  human 
albuminous  urine  and  the  pleuritic  and  peritoneal  exudates  obtained 
from  man. 

Nuttall 3 obtained  rabbit  sera  by  treating  these  animals  with  the 
blood  of  man,  dog,  sheep,  ox  and  horse.  These  sera  were  tested 
against  thirty-six  kinds  of  blood.  The  serum  of  rabbits  treated  writh 
dog  serum  gave  negative  results  in  all  cases  except  with  the  blood  of 
the  dog.  The  serum  of  rabbits  treated  with  sheep  serum  produced 
a marked  precipitum  with  sheep’s  blood,  and  a distinct,  but  less 
marked,  reaction  with  the  blood  of  the  gazelle  and  axis  deer.  All  the 
other  sera  and  bloods  remained  perfectly  clear,  excepting  that  of  the 
ox,  squirrel  and  swan,  in  which  there  was  very  slight  cloudiness. 
The  serum  of  the  rabbits  treated  with  ox  serum  produced  a marked 
precipitation  only  in  ox  serum  dilutions  or  dried  ox  blood  solutions, 
but  gave  a distinct  reaction  with  the  blood  of  the  gazelle  and  axis 
deer.  All  the  other  bloods  gave  a negative  reaction,  a slight  cloud- 
ing only  being  produced  in  the  blood  serum  of  the  sheep,  gnu, 
squirrel  and  swan.  The  serum  of  rabbits  treated  with  horse  serum 
produced  a precipitum  only  in  dilutions  of  the  horse  blood  or  serum, 
not  even  clouding  other  bloods.  The  serum  of  the  rabbits  treated 
with  human  blood  serum  and  pleuritic  exudate  produced  a marked 
precipitum  only  in  human  blood  solutions,  but  the  blood  of  four  spe- 

1 Berliner  klin.  Wochenschrift,  1901. 

* Miinchener  med.  Wochenschrift,  1901. 

3 Journal  of  Hygiene,  1. 
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cies  of  monkeys  gave  a slight  but  distinct  reaction  and  a very  faint 
clouding  appeared  in  the  solutions  of  the  bloods  of  the  horse,  ox  and 
sheep,  all  other  bloods  remaining  perfectly  clear.  “ The  test  gave 
positive  results  when  made  with  diluted  human  serum,  pleuritic  ex- 
udation, both  fresh  and  purulent,  blood  and  serum  which  had  been 
dried  on  filter  paper  and  on  glass  plates,  with  blood  which  had 
undergone  putrefaction  for  two  months,  with  the  blood  of  several 
persons  who  had  cut  themselves  (blood  collected  on  filter  paper),  with 
the  serum  from  a blister  on  the  foot  following  upon  a long  walk,  and 
with  the  serum  from  a blister  following  a burn  on  the  hand.  Both 
nasal  and  lachrymal  secretion  gave  a slight  but  decided  reaction.  A 
faint  clouding  was  produced  in  normal  urine.  That  the  precipitum 
formed  in  putrid  blood  dilution  was  specific  was  proved  by  adding 
the  anti-sera  of  rabbits  treated  with  ox,  sheep  and  dog  serum  to  the 
blood  dilution,  no  reaction  resulting.” 

Nuttall  concludes  his  investigations  as  follows:  “(1)  The  investi- 
gations we  have  made  confirm  and  extend  the  observations  of  others 
with  regard  to  the  formation  of  specific  precipitins  in  the  blood  serum 
of  animals  treated  with  various  sera.  (2)  These  precipitins  are 
specific,  although  they  may  produce  a slight  reaction  with  the  sera 
of  allied  animals.  (3)  The  substance  in  serum  which  brings  about 
the  formation  of  a precipitin,  as  also  the  precipitin  itself,  are  re- 
markably stable  bodies.  (4)  The  new  test  can  be  successfully 
applied  to  a blood  which  has  been  mixed  with  those  of  several  other 
animals.  (5)  We  have  in  this  test  the  most  delicate  means  hitherto 
discovered  of  detecting  and  testing  bloods,  and  consequently  we 
may  hope  that  it  will  be  put  to  forensic  use.” 


CHAPTER  VII. 

THE  LYSINS. 


One  of  the  most  important  contributions  to  the  science  of  bacteri- 
ology made  during  the  last  decade  of  the  nineteenth  century  was  the 
discovery  of  what  is  known  as  Pfeiffer’s  phenomenon.  In  his  ex- 
periments, R.  Pfeiffer  discovered  that  if  cholera  bacteria  are  placed 
in  the  peritoneal  cavity  of  a guinea-pig  which  has  been  immunized 
to  cholera,  the  bacterial  cells  are  dissolved  by  the  peritoneal  fluid. 
If  such  an  injection  be  made  and  portions  of  the  bacilli  be  removed 
with  capillary  glass  tubes  every  five  minutes,  it  can  be  plainly  seen, 
under  the  microscope,  that  the  bacterial  cells  are  undergoing  solu- 
tion in  the  surrounding  fluid  just  as  lumps  of  salt  dissolve  in  water. 
The  bacilli  lose  their  motility,  swell  up,  and  then  break  into  small 
granules  which  gradually  melt  away  into  the  fluid.  Extended  in- 
vestigation showed  that  this  reaction  is  specific  and  the  same  phe- 
nomenon may  be  observed  in  animals  which  have  been  immunized 
to  the  typhoid  bacillus  or  other  pathogenic  microorganisms,  and  by 
this  means  the  cholera  bacillus  may  be  differentiated  from  other 
vibrios.  Moreover,  when  a mixed  culture  is  subjected  to  this  test, 
the  peritoneal  fluid  dissolves  the  bacteria  of  the  species  against 
which  the  animal  has  been  immunized  and  leaves  all  other  bacteria 
untouched.  Pfeiffer  found  that  it  was  not  necessary  to  use  an  im- 
munized animal,  but  that  the  same  result  can  be  obtained  by  placing 
a small  quantity  of  a cholera  culture  mixed  with  the  serum  of  a 
guinea-pig  which  has  been  immunized  to  cholera,  in  the  abdominal 
cavity  of  a normal  guinea-pig.  Later,  Metschnikoff 1 discovered 
that  Pfeiffer’s  phenomenon,  which  is  also  known  as  bacteriolysis, 
takes  place  in  vitro,  when  to  a mixture  of  cholera  serum  and  the 
cholera  culture  there  be  added  a small  quantity  of  the  peritoneal 
exudate  from  a normal  guinea-pig,  and  Bordet  added  the  observa- 
tion that  cholera  serum  in  and  of  itself  suffices  to  induce  bacteri- 
olysis in  vitro  when  it  is  perfectly  fresh.  On  long  standing  it  be- 
comes inactive,  but  its  activity  even  then  may  be  restored  by  the 
addition  of  a small  quantity  of  normal  serum.  Pfeiffer  repeated 
Bordet’s  experiments,  and  confirmed  them  in  a modified  way,  inas- 
much as  Pfeiffer  found  that  not  every  fresh  blood  serum  had  the 
same  effect,  and  that  the  process  of  bacteriolysis  as  observed  in  vitro 
is  not  comparable  in  intensity  with  that  observed  in  the  animal  body. 

1 Annales  de  P Institut  Pasteur,  1896. 
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With  these  facts  at  his  command  Pfeiffer  1 formulated  a theory  of 
bacteriolysis,  the  chief  points  of  which  may  be  stated  as  follows : 
The  immunizing  substance  in  cholera  serum  has  but  feeble  action  and 
is  only  the  antecedent  of  a substance  formed  in  the  peritoneum  of 
the  guinea-pig  which  has  a specific  solvent  action  on  the  vibrios. 
The  immunizing  substance  in  the  serum  is  a stable,  relatively  inac- 
tive body  which  bears  a relation  to  the  specific  bacteriolytic  substance 
formed  in  the  peritoneum  similar  to  that  which  glycogen  bears  to 
grape-sugar.  In  case  of  need,  the  inactive  substance  in  the  serum  is 
transformed  through  the  active  agency  of  the  cells  of  the  body  into 
the  specific  bacteriolytic  form.  This  change  can  be  brought  about 
by  the  addition  of  suitable  normal  serum.  In  the  added  serum  there 
is  a “ something  ” (Etwas)  present  in  small  amount  which  is  able  to 
transform  the  relatively  inactive  substance  into  the  active  form,  but 
which  in  vitro  is  soon  used  up,  while  in  the  animal  body  this  active 
principle  continues  to  be  secreted  by  the  cells  of  the  body  as  long  as 
they  are  stimulated  by  the  presence  of  the  cholera  bacteria.  The 
active  principle  is  a ferment  and  bacteriolysis  is  a fermentative  proc- 
ess in  which  specific  ferments  act  only  on  certain  cells,  just  as  certain 
yeasts  act  only  on  sugars  of  certain  definite  constitution. 

The  question  of  the  identity  of  bacteriolytic  and  agglutinating  sub- 
stances in  the  sera  of  immunized  animals  became  prominent,  but 
Pfeiffer  and  Kolle2  soon  discovered  an  immune  serum  which  was 
strongly  bacteriolytic  but  without  agglutinating  action ; while  on  the 
other  hand,  Frankel  and  Otto3  found  that  the  blood  serum  of  pup- 
pies fed  upon  typhoid  cultures  had  a marked  agglutinating  effect,  but 
was  without  bacteriolytic  properties.  Moreover,  Widal  and  Sicard4 
found  that  the  blood  serum  of  frogs  inoculated  with  typhoid  bacilli 
agglutinated  these  microorganisms  but  had  no  bacteriolytic  action  on 
them,  and,  indeed,  the  typhoid  bacilli  may  retain  both  life  and  viru- 
lence after  long  residence  in  the  lymph  sacs  of  such  frogs. 

Bordet5  treated  guinea-pigs  at  intervals  with  injections  of  the  de- 
fibrinated  blood  of  rabbits  and  obtained  from  the  former  animals  a 
serum  which  in  vitro  dissolved  the  blood  corpuscles  of  the  latter 
with  great  intensity,  while  the  serum  of  normal  guinea-pigs  was 
found  to  be  without  solvent  action  upon  the  corpuscles  of  the  rabbit. 
In  these  experiments  it  was  observed  that  the  serum  first  aggluti- 
nated and  then  dissolved  the  erythrocytes ; but  more  extended 
investigation  showed  that  agglutination  does  not  always  precede  so- 
lution. Moreover,  Bordet  demonstrated  that  even  in  this  ca.se  ag- 
glutination and  hemolysis  are  not  identical  or  due  to  the  same  sub- 
stances, inasmuch  as  he  found  that  a temperature  of  55°  deprived 

1 Deutsche  mtd.  Wochenschri/t,  1 896. 

* Ccntralblatt  f.  Bakteriolotfie,  20. 

3 Miinchener  med.  Wochemchrift,  1894. 

* Compt.  Rend.  Soc.  de  Biol.,  11,  XI. 

* Annates  de  F Jnstitut  Pasteur,  12. 
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the  guinea-pig  serum  of  its  hemolytic  action,  but  had  no  effect  upon 
its  agglutinating  properties.  The  serum  rendered  inactive,  so  far  as 
its  hemolytic  properties  are  concerned,  by  heating,  was  found  to  re- 
cover these  properties  on  the  addition  of  certain  amounts  of  the 
serum  of  either  normal  guinea-pigs  or  rabbits.  The  active  serum 
was  found  to  be  without  effect  upon  the  corpuscles  of  the  guinea-pig 
itself  and  upon  those  of  the  pigeon,  but  with  slight  action  on  the  cor- 
puscles of  the  rat  and  the  mouse.  The  active  serum  from  the 
guinea-pig  was  found  to  be  powerfully  toxic  when  injected  intra- 
venously into  the  rabbit.  These  experiments  made  by  Bordet  dem- 
onstrated the  identity  of  the  processes  of  bacteriolysis  and  hemolysis; 
and  most  of  the  subsequent  investigation  has  been  confined  to  a study 
of  the  phenomenon  as  observed  in  the  solution  of  blood  corpuscles. 

Ehrlich  and  Morgenroth  1 treated  a goat  at  irregular  intervals  for 
eight  months  with  subcutaneous  injections  of  defibrinated  sheep’s 
blood  diluted  with  0.85  per  cent,  salt  solution,  until  the  mixture  con- 
tained only  five  per  cent,  of  blood.  The  serum  of  this  goat  rapidly 
dissolved  the  erythrocytes  of  the  sheep  in  vitro  ; while  the  serum  of 
a normal  goat  had  but  slight  solvent  action  on  the  blood  corpuscles 
of  the  sheep.  In  this  case  agglutination  did  not  precede  hemolysis. 
When  the  immune  serum  was  heated  for  half  an  hour  at  56°,  it  lost 
its  solvent  action,  but  on  the  addition  of  the  serum  of  a normal  ani- 
mal its  activity  was  regained.  The  added  serum  was  active  when 
obtained  from  either  the  goat  or  the  sheep,  but  less  so  from  the  latter. 
Normal  serum  was  found  to  soon  lose  its  power  of  restoring  the 
activity  of  heated  immune  serum  and  was  effective  only  when  freshly 
obtained  from  the  animal.  These  investigators  agreed  with  Pfeiffer 
that  at  least  two  substances  must  be  present  in  the  blood  serum  in 
order  to  induce  bacteriolysis  or  hemolysis.  For  the  first,  which  is 
thermo-stable,  they  retain  the  name  proposed  by  Pfeiffer,  of  “ immune 
body  ” ; while  for  the  second,  which  is  thermo-labile,  they  substitute 
for  the  “something”  of  Pfeiffer  the  term  “addiment.”  It  will  be 
understood  that  the  thermo-stable  or  immune-body  is  unaltered  by  a 
heat  of  56°,  while  the  thermo-labile  substance,  or  addiment,  is  de- 
stroyed at  this  temperature,  but  is  also  contained  in  normal  serum  ; 
and  this  explains  why  the  immune  serum  after  being  rendered  in- 
active by  heat  is  regenerated  by  the  addition  of  a small  amount  of 
normal  serum.  It  was  at  first  supposed  by  Ehrlich  that  the  immune 
body  is  a substance  which  is  brought  into  existence  during  the  proc- 
ess of  immunizing  the  animal,  while  the  addiment  was  supposed  to 
be  present  normally  in  the  blood.  Ehrlich’s  theory  provided  for  a 
combination  between  the  immune  body  and  the  blood  corpuscles ; 
however,  this  does  not  lead  to  solution  of  the  corpuscle  until  the 
substance  addiment  is  brought  into  the  compound.  The  following 
experiments  furnish  the  basis  of  this  theory : Tubes  each  containing 

1 Berliner  klin.  Wochenechrift,  1899. 
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four  c.c.  of  the  five  per  cent,  dilution  of  sheep’s  blood  were  treated 
with  from  one  to  one  and  three-tenths  c.c.  each  of  the  serum  of  the 
goat  rendered  inactive  by  heat.  The  mixture  was  allowed  to  remain 
for  fifteen  minutes  at  40°  and  then  centrifuged.  The  supernatant 
clear  fluid  was  removed  and  treated  with  0.2  c.c.  of  normal  sheep’s 
blood  and  then  0.8  c.c.  of  the  serum  from  a normal  goat  added. 
This  mixture  was  allowed  to  stand  for  two  hours  at  37°,  when  it 
was  found  that  no  hemolysis  had  occurred.  Next,  the  sediment 
which  had  formed  in  the  centrifuge  was  placed  in  four  c.c.  of  physio- 
logical salt  solution  and  0.8  c.c.  of  the  blood  of  a normal  goat  added. 
When  this  mixture  was  allowed  to  stand  at  37°  for  two  hours,  it  was 
found  that  all  the  blood  corpuscles  were  dissolved.  This  experiment 
can  be  explained  only  by  supposing  that  the  immune  body  in  the 
heated  serum  combined  with  the  corpuscles  and  subsided  with  them 
in  the  centrifuge,  leaving  the  supernatant  fluid  without  the  immune 
body,  and  therefore  the  addition  of  the  addiment  to  the  supernatant 
fluid  did  not  induce  hemolysis.  On  the  other  hand,  the  presence  of 
the  immune  body  in  the  sediment  was  shown  when  hemolysis  oc- 
curred after  distributing  the  sediment  in  saline  solution  and  adding 
a small  quantity  of  normal  blood  serum. 

It  was  shown  that  the  combination  between  the  corpuscles  and  the 
immune  body  may  take  place  at  low  as  well  as  at  higher  temperatures, 
while  the  addiment  does  not  enter  into  the  compound  at  low  temper- 
ature. When  five  c.c.  of  the  five  per  cent,  sheep’s  blood  dilution  was 
treated  with  from  1 to  1.3  c.c.  of  inactive  serum  and  0.5  c.c.  of  the 
serum  of  a normal  goat  added,  and  this  mixture  kept  at  37°,  com- 
plete hemolysis  occurred  within  two  hours.  On  the  other  hand,  when 
the  same  mixture  was  kept  at  from  0°  to  3°  there  was  no  hemolysis, 
but  at  this  temperature  it  was  shown  by  a repetition  of  the  experi- 
ment already  detailed  that  the  immune  body  was  combined  in  the 
sediment  with  the  corpuscles,  while  the  addiment  remained  in  the 
supernatant  fluid. 

It  was  also  shown  that  at  high  temperatures  the  combination  be- 
tween the  corpuscles  and  the  immune  body  occurs  before  the  addi- 
ment enters  into  the  compound.  Tubes  containing  blood  corpuscles, 
inactive  serum,  and  fresh  goat  serum,  were  placed  in  a water-bath  at 
40°  and  the  time  before  visible  solution  of  the  corpuscles  took  place 
was  noted.  It  was  found  that  no  evident  hemolysis  occurred  within 
ten  minutes ; therefore  the  tubes  which  had  been  kept  at  40°  for  ten 
minutes  were  centrifuged.  When  the  sediment  in  the  centrifuge 
was  distributed  through  physiological  salt  solution  slight  hemolysis 
occurred,  but  complete  hemolysis  resulted  only  after  the  addition  of 
normal  serum  to  this  mixture.  This  experiment  demonstrated  that 
all  of  the  immune  body  had  combined  with  the  corpuscles  and  had 
subsided  with  them,  while  the  greater  part  of  the  addiment  remained 
in  the  supernatant  fluid.  The  affinity  of  the  immune  body  for  the 
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blood  corpuscles  is  great,  and  leads  to  speedy  combination  between 
the  two  both  at  high  and  low  temperatures  ; while  the  affinity  of  the 
immune  body  for  the  addiment  is  slight  and  leads  to  combination 
tardily  and  only  at  relatively  high  temperatures.  The  immune  body 
is  supposed  to  be  possessed  of  two  haptophorous  groups,  one  of  which 
has  great  chemical  energy,  and  is  that  by  which  the  immune  body 
combines  with  the  corpuscle ; while  the  other  haptophorous  group 
possesses  less  chemical  energy  and  is  that  by  means  of  which  combi- 
nation with  the  addiment  is  effected.  In  the  first  statement  of  his 
theory,  Ehrlich  believed  that  the  addiment  is  a ferment  which  digests 
and  dissolves  bacteria  and  blood  corpuscles.  He  stated  : “ It  is 
possible,  yes,  probable,  that  there  are  in  the  blood  only  a few,  prob- 
ably only  a single  body,  which  has  digestive  properties ; while,  on 
the  other  hand,  there  must  be  innumerable,  different,  specific  immune 
bodies,  as  Gruber  and  others  have  supposed.  One  may  presume 
therefore  that  in  the  different  immune  bodies  only  the  group  which 
combines  with  the  immunizing  substance  differs,  while  the  group 
which  combines  with  the  digestive  ferment  is  the  same  in  all.” 

In  a second  series  of  experiments,  Ehrlich  and  Morgenroth  1 im- 
munized two  goats  with  gradually  increased  quantities  of  defibrinated 
sheep’s  blood  injected  subcutaneously.  From  these  animals  there 
were  obtained  highly  active  sera.  The  serum  of  the  first  animal  in 
quantities  of  from  0.2  to  0.3  c.c.  completely  dissolved  five  c.c.  of  the 
dilution  of  sheep’s  blood,  while  from  0.03  to  0.07  c.c.  had  a marked 
effect.  The  serum  of  the  second  goat  in  quantities  of  from  0.15  to 
0.2  c.c.  completely  dissolved  five  c.c.  of  the  dilution  of  sheep’s  blood. 
It  is  stated  that  the  serum  of  goat  II  before  the  process  of  immuniz- 
ing had  a feebly  solvent  action  on  sheep’s  blood,  inasmuch  as  four  c.c. 
of  the  serum  partially  dissolved  five  c.c.  of  the  five  per  cent,  dilution 
of  sheep’s  blood.  Heating  to  57°  for  half  an  hour  destroyed  this 
action,  also  the  solvent  action  of  the  same  serum  on  rabbit’s  and 
guinea-pig’s  blood.  It  was  shown  that  the  sera  of  both  these  animals 
contained  the  immune  body  which  combines  with  the  corpuscles  at 
0°.  Mixtures  of  these  sera  and  sheep’s  blood  were  allowed  to  stand 
for  twenty-four  hours  at  0°  and  then  the  corpuscles  were  separated 
in  the  centrifuge.  When  the  sediment  was  shaken  up  with  physio- 
logical salt  solution  there  was  no  hemolysis  until  the  addiment  in 
the  form  of  normal  goat  serum  was  added.  At  a temperature  of  20° 
continued  for  eight  minutes,  both  components,  the  immune  body  and 
the  addiment,  combined  with  the  corpuscles  and  a sediment  obtained 
from  this  mixture  and  distributed  in  physiological  salt  solution  and 
kept  at  37°  resulted  in  complete  hemolysis.  The  sera  obtained  from 
these  animals  differed  from  that  obtained  from  the  goat  in  the  first 
series  in  being  more  intense  in  action  and  in  the  fact  that  when  heated 
to  56°  for  three-quarters  of  an  hour  there  was  scarcely  any  reduction 
1 Berliner  klin.  Woehenschrift,  1899,  481. 
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in  their  hemolytic  action  on  sheep’s  blood,  while  their  action  on  the 
blood  corpuscles  of  the  guinea-pig  and  the  rabbit  was  completely  de- 
stroyed. Indeed,  heating  for  three  hours  at  56°,  or  heating  the  serum 
diluted  with  an  equal  volume  of  water  for  one-half  hour  at  65°,  had 
no  effect  upon  the  hemolytic  action  on  sheep’s  blood.  This  indicated 
that  the  addiment  in  these  sera  differs  from  that  observed  in  the 
goat  experimented  upon  in  the  first  series,  and  the  fact  that  heating 
to  56°  destroyed  the  action  of  these  sera  on  the  blood  of  the  guinea- 
pig  and  of  the  rabbit  suggested  that  they  contain  at  least  two  addi- 
ments,  one  of  which  is  necessary  to  the  hemolytic  action  on  the  blood 
of  the  guinea-pig  and  the  rabbit  and  is  destroyed  at  56°,  while  the 
other  is  that  by  virtue  of  which  the  hemolytic  action  on  sheep’s  blood 
results  and  which  is  not  destroyed  at  a temperature  of  56°.  In  other 
wrords,  there  must  be  in  these  sera  two  addiments  one  of  which  is 
thermo-stable,  while  the  other  is  thermo-labile. 

In  order  to  solve  the  problem  presented  by  this  new  discovery, 
Ehrlich  and  Morgenroth  determined  to  separate  the  two  components 
in  these  sera.  The  immune  body  was  easily  obtained  by  combining 
it  with  erythrocytes  at  0°  and  it  was  found  that  when  these  sera  were 
treated  with  10  per  cent,  of  their  volume  of  normal  hydrochloric  acid 
and  the  mixture  digested  for  from  thirty  to  forty-five  minutes  at  37° 
and  neutralized,  they  lost  their  hemolytic  effect  on  sheep’s  blood. 
The  acid  destroyed  the  specific  addiment  in  these  sera,  but  had  no 
effect  upon  the  immune  body.  The  experiment  was  carried  out  as 
follows  : To  five  c.c.  of  the  five  per  cent,  sheep’s  blood  dilution  there 
was  added  0.15  c.c.  of  the  immune  serum  rendered  inactive  with  hy- 
drochloric acid  (it  having  been  previously  shown  that  this  amount  of 
active  serum  was  sufficient  to  produce  complete  hemolysis  in  five  c.c. 
of  the  blood  dilution).  After  the  mixture  had  stood  for  half  an  hour 
at  room  temperature,  it  was  centrifuged  and  separated  into  sediment 
and  supernatant  fluid.  To  the  sediment  there  was  added  two  c.c.  of 
normal  goat  serum  and  to  the  supernatant  fluid  there  was  added 
another  portion  of  the  diluted  sheep’s  blood,  and  also  two  c.c.  of  nor- 
mal goat  serum.  When  thus  treated  the  corpuscles  in  the  sediment 
were  completely  dissolved,  while  the  supernatant  fluid  had  no  action 
upon  the  erythrocytes  which  had  been  added,  notwithstanding  the 
presence  in  it  of  the  addiment.  This  showed  that  all  of  the  immune 
body  was  contained  in  the  sediment.  However,  this  experiment  also 
showed  that  the  addiment  needed  to  render  the  immune  body  active 
is  present  in  normal  goat  serum  and  indicates  that  there  is  in  normal 
serum  a thermo-stable  addiment ; but  it  was  shown  that  the  thermo- 
stable addiment  was  not  present  in  the  sera  of  all  goats.  It  was 
concluded  that  in  the  serum  of  the  goat  used  in  the  first  experiment 
and  in  the  sera  of  the  goats  used  in  the  second  experiment  the  same 
immune  body  was  present,  but  that  the  serum  of  the  first  immunized 
goat  contained  only  thermo-labile  addiment,  while  those  of  the  two 


128 


THE  LYSINS. 


goats  used  in  the  second  experiment  contained  both  thermo-labile  and 
thermo-stable  addiments. 

Another  experiment  showed  that  the  blood  serum  of  a non-treated 
normal  animal  dissolved  the  erythrocytes  of  the  guinea-pig  and  that 
there  is  in  the  normal  serum  of  the  goat  a substance  analogous  to  the 
immune  body  found  in  immunized  animals,  which  combines  with  the 
corpuscles  of  the  guinea-pig  at  0°.  It  is  evident  from  this  that  the 
term  “ immune  body  ” is  not  appropriate  for  the  substance  which 
combines  with  the  erythrocytes  at  0°  and  which  is  one  of  the  hemo- 
lytic factors.  This  led  Ehrlich  to  substitute  for  the  term  “ immune 
body  ” the  designation  of  “ intermediary  body,”  1 and  inasmuch  as 
he  had  demonstrated  that  there  might  be  different  addiments  in  the 
blood,  he  also  dropped  this  term  and  used  in  its  stead  “comple- 
ment.” It  should  be  understood  that  the  “ immune  body,”  which 
we  will  hereafter  designate  as  “ intermediary  body,”  has  two  hap- 
tophorous  groups,  one  of  which  is  possessed  of  great  avidity,  and  it  is 
by  means  of  this  that  the  intermediary  body  combines  with  the  cor- 
puscles, and  its  great  avidity  is  shown  by  the  fact  that  this  combi- 
nation takes  place  even  at  0°.  The  other  haptophorous  group  of  the 
intermediary  body  is  possessed  of  less  avidity  and  it  is  by  means  of 
this  that  combination  between  the  intermediary  body  and  the  com- 
plement takes  place ; and  on  account  of  the  slight  avidity  of  this 
haptophorous  group  this  combination  occurs  only  at  a relatively  high 
temperature.  When  an  active  serum  is  kept  at  0°  it  contains  the 
intermediary  body  and  the  complement  both  in  a free  state ; now,  if 
susceptible  erythrocytes  be  added  to  this  serum  still  kept  at  0°,  the 
corpuscles  and  the  intermediary  body  combine,  while  the  complement 
remains  free ; but  when  the  temperature  is  raised  to  37°  the  comple- 
ment enters  into  the  combination  by  attaching  itself  to  the  interme- 
diary body.  The  haptophorous  group  by  which  the  intermediary 
body  combines  with  the  corpuscle  is  sometimes  designated  as  hemo- 
tropic.  Of  course,  there  may  be  in  certain  sera  intermediary  bodies 
whose  hemotropic  groups  have  no  greater  avidity  than  their  comple- 
ment groups ; or  there  may  be  complements  which  combine  with  in- 
termediary bodies  at  a low  temperature.  It  may  happen  that  the 
intermediary  body  is  contained  in  the  serum  of  one  animal  while  the 
complement  may  be  furnished  by  the  blood  of  another  animal. 
This  has  been  shown  to  be  the  case  in  the  following  experiment : 
Dog  serum  dissolves  the  blood  corpuscles  of  the  guinea-pig  with 
great  energy.  If  the  dog  serum  be  heated  to  57°  it  loses  its  hemo- 
lytic action  on  guinea-pig  blood.  But  if  inactive  dog  serum  be 
added  to  five  c.c.  of  a five  per  cent,  dilution  of  guinea-pig  blood  and 
two  c.c.  of  the  serum  of  a normal  guinea-pig  be  added  to  this  mix- 
ture, complete  hemolysis  occurs.  This  is  explainable  only  on  the 

•In  his  later  papers  Ehrlich  has  used  the  terms  “immune  body”  and  “inter- 
mediary body”  interchangeably. 
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supposition  that  the  intermediary  body  exists  in  the  dog  serum,  while 
the  complement  is  furnished  by  the  serum  of  the  guinea-pig ; in  this 
case  the  complement  is  furnished  by  the  serum  of  the  animal  whose 
corpuscles  are  dissolved.  It  is  probable  that  in  various  sera  both  the 
intermediary  bodies  and  the  complements  differ,  and  it  is  not  always 
possible  to  restore  the  hemolytic  action  of  a serum,  which  has  been 
heated,  by  the  addition  of  a complement.  For  instance,  eel  serum 
is  hemolytic  to  the  blood  of  most  mammals  ; it  loses  its  hemolytic 
action  when  heated  for  fifteen  minutes  to  54°,  and  so  far  no  method 
of  restoring  its  activity  has  been  discovered. 

In  a third  communication  Ehrlich  and  Morgenroth  1 carried  out 
their  immunization  experiments  in  a wholly  different  way.  920  c.c. 
of  the  mixed  blood  from  three  goats  (Nos.  1,  2 and  3),  diluted  with 
750  c.c.  of  water,  was  injected  into  the  abdominal  cavity  of  a large 
goat  (A)  at  one  time.  From  the  second  day  on  small  quantities  of 
the  blood  were  taken  from  this  animal  and  the  hemolytic  action  of 
the  serum  tested.  The  first  experiment  showed  that  this  serum 
possessed  slight  hemolytic  effect  on  the  corpuscles  of  other  goats, 
and  on  the  seventh  day  it  reached  its  maximum.  At  this  time  0.3 
c.c.  of  the  serum  completely  dissolved  the  corpuscles  in  one  c.c.  of  a 
five  per  cent,  dilution  of  goat  No.  4.  It  was  tested  upon  nine  goats 
and  it  was  found  that  the  susceptibility  of  the  erythrocytes  of  these 
animals  to  the  serum  varied  somewhat.  The  serum  of  the  treated 
animal  was  found  to  be  without  effect  upon  its  own  corpuscles. 
Ehrlich  suggests  that  the  hemolytic  action  of  the  blood  serum  of  one 
animal  upon  the  corpuscles  of  another  species  be  designated  as 
“ heterolysis,”  and  the  active  agent  or  agents  in  the  hemolytic 
serum  in  this  case  be  termed  “ heterolysins,”  while  the  hemolytic 
action  of  the  serum  of  one  species  on  the  corpuscles  of  another  indi- 
vidual of  the  same  species  be  designated  as  “ isolysis,”  and  the 
active  agents  as  “ isolysins.”  If  a serum  should  be  found  which 
dissolves  the  corpuscles  of  the  individual  from  which  the  serum  has 
been  obtained,  the  process  would  be  designated  “ autolysis,”  and  the 
active  agents  as  “ autolysins.”  No  one  has  as  yet  discovered  an 
autolysin,  although  the  possibility  of  the  existence  of  such  a sub- 
stance cannot  be  denied.  It  is  possible  that  certain  diseased  con- 
ditions, which  we  have  designated  as  auto-intoxications,  may  be 
caused  in  this  way. 

Ehrlich  designates  the  haptophorous  group  in  the  corpuscle,  or 
the  side-chain  in  the  corpuscle  which  combines  with  the  intermediary 
body,  as  the  “ receptor.”  He  supposes  that  it  is  by  the  action  of  these 
receptors  that  hemolysins,  and  other  toxins  as  well,  combine  with 
and  destroy  the  cells  of  the  body.  He  illustrates  his  views  of  the 
relationship  between  the  cell,  the  intermediary  body  and  the  comple- 
ment, also  the  action  of  other  toxins,  by  the  accompanying  drawing. 

1 Berliner  klin.  Wochenschrift,  1900,  453. 
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Fig.  1. 


Demonstrating  Ehrlich’s  Theory.  A,  complement ; B,  intermediary  Body  ; C,  receptor  ; D, 
part  of  cell ; E,  toxophorous  group  of  toxin  ; F,  haptophorous  group. 

If  there  be  no  receptors  the  intermediary  body  cannot  combine 
with  the  corpuscle  and  consequently  there  is  no  hemolysis.  Anti- 
hemolysins are  supposed  to  be  formed  in  the  body  of  the  animal 
treated  with  hemolytic  serum  in  the  same  way  that  antitoxins  are 
formed  in  the  bodies  of  animals  immunized  to  the  toxins.  If  a 
hemolytic  serum  be  injected  into  an  animal  in  small  but  gradually 
increased  doses  at  intervals,  immunity  to  such  serum  is  obtained  and 
the  serum  of  the  animal  thus  immunized  contains  an  anti-hemolysin. 
When  a small  amount  of  the  hemolytic  serum  is  injected  it  is  taken 
up  by  the  receptor  in  the  blood  cell,  and  provided  that  the  amount 
of  the  hemolytic  serum  injected  is  small,  the  blood  corpuscle  is  not 
destroyed ; and  needing  for  the  performance  of  its  function  the  re- 
ceptor which  has  combined  with  the  hemolysin,  it  throws  out  other 
receptors  ; and  as  in  the  case  of  the  production  of  antitoxin,  a point 
is  reached  when  there  is  over-production  of  receptors  and  those  not 
needed  by  the  cell  and  not  taken  up  by  the  hemolysin  are  cast  off  in 
the  blood  and  constitute  the  anti-hemolysin.  Ehrlich  and  Morgen- 
roth  prepared  an  anti-isolysin  in  the  following  manner  : A small 
goat  (No.  10)  whose  blood  corpuscles  had  been  shown  to  be  highly 
susceptible  to  the  serum  of  goat  A was  treated  at  intervals  with  this 
serum  and  an  anti-body  obtained.  When  0.4  c.c.  of  the  serum  of  goat 
No.  10  was  added  to  one  c.c.  of  a five  per  cent,  dilution  of  the  blood 
of  a goat  which  had  been  found  susceptible  to  the  serum  of  goat  A, 
no  hemolysis  occurred.  However,  when  the  blood  corpuscles  of  goat 


THE  LYSINS. 


131 


No.  10  were  freed  from  their  own  serum  and  washed  with  physiolog- 
ical salt  solution  they  were  found  to  be  as  susceptible  to  the  serum 
of  goat  A as  they  were  before. 

Goat  B was  treated  in  exactly  the  same  manner  as  goat  A.  How- 
ever, it  was  found  that  in  this  case  no  isolysin  appeared  in  the  serum 
until  the  fifteenth  day,  when  its  appearance  was  sudden.  During 
the  first  fourteen  days  after  the  injection  the  erythrocytes  of  goat  B 
remained  highly  susceptible  to  the  isolysin  in  the  serum  of  goat  A ; 
and,  strange  to  say,  this  susceptibility  continued  even  after  the 
serum  of  goat  B manifested  its  hemolytic  properties.  It  was  further- 
more found  that  the  erythrocytes  of  certain  goats  were  susceptible  to 
the  isolysin  of  goat  A and  insusceptible  to  that  of  goat  B.  It  ap- 
pears from  this  that  there  are  different  isolysins  and  it  was  also  found 
that  anti-isolysin  A was  wholly  without  action  against  isolysin  B. 

A third  goat,  (7,  received  at  the  same  time  a like  amount  of  the 
same  blood  as  B,  and  first  furnished  a hemolysin  on  the  seventh  day. 
This  hemolysin  was  also  found  to  be  an  isolysin,  but  different  from 
that  of  either  A or  B.  These  experiments  demonstrated  that  the 
exact  nature  of  the  isolysin  depends  upon  the  individual  character- 
istics of  the  animal  in  which  it  is  formed.  A fourth  goat,  D,  fur- 
nished an  isolysin  which  dissolved  the  blood  corpuscles  of  B and  C, 
but  was  without  effect  upon  those  of  A.  The  sera  of  A,  B and  C 
dissolved  sheep's  corpuscles,  while  the  serum  of  D was  without 
effect. 

Ehrlich  compares  the  intermediary  body  with  diazo-benzaldehyde, 
which  by  means  of  its  diazo  group  is  capable  of  combining  with  a 
series  of  bodies,  such  as  aromatic  amins,  phenols,  keto-methyl  bodies, 
etc.,  while  by  means  of  its  aldehyde  group  it  may  combine  with  a 
different  series  such  as  the  hydrazins,  ammonia  radicles,  and  hydro- 
cyanic acid.  Phenol  and  hydrocyanic  acid  will  not  directly  combine, 
but  with  diazo-benzaldehyde  acting  as  an  intermediax-y  body,  these 
two  substances  can  be  brought  into  combination.  Pushing  this 
comparison  further,  we  may  say  that  the  aromatic  body,  or  the 
phenol,  represents  a constituent  of  the  blood  corpuscle.  The  diazo- 
benzaldehyde  is  the  intermediary  body,  while  the  poisonous  hydro- 
cyanic acid  constitutes  the  complement.  As  has  been  stated,  the 
intermediary  body  has  two  haptophorous  groups.  By  means  of  one 
of  these  it  combines  with  the  receptor  of  the  cell,  while  by  means  of 
the  other  it  combines  with  the  complement.  The  former  may  be 
designated  as  the  cytophil  group,  while  the  other  may  be  distin- 
guished by  the  designation  of  complementophil.  It  should  be 
understood  that  there  are  probably  many  varieties  of  intermediary 
bodies,  and  there  may  be  two  or  more  in  a given  blood  serum.  In 
fact,  Ehrlich  has  demonstrated  the  presence  of  two  or  more  kinds  of 
intermediary  bodies  in  the  same  serum.  The  serum  of  a rabbit 
which  has  been  immunized  to  ox  blood  has  a hemolytic  action  not 
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only  upon  the  corpuscles  of  the  ox,  but  upon  those  of  the  goat  as 
well.  If  such  a blood  serum  be  treated  with  a sufficient  amount  of 
the  corpuscles  of  the  ox,  and  the  mixture  separated  in  a centrifuge, 
the  supernatant  fluid  has  no  solvent  action  upon  either  ox  or  goat 
corpuscles.  In  other  words,  the  ox  corpuscles  have  taken  up  all  the 
intermediary  bodies  in  the  blood  serum.  However,  if  this  serum  be 
mixed  with  goat  corpuscles  and  the  mixture  l>e  separated  in  a cen- 
trifuge, the  supernatant  fluid  has  no  solvent  action  upon  goat 
corpuscles,  but  still  possesses  solvent  action  on  ox  corpuscles.  This 
experiment  demonstrates  that  there  are  in  the  blood  serum  of  a 
rabbit  immunized  to  ox  blood  at  least  two  intermediary  bodies,  both 
of  which  are  capable  of  combining  with  ox  corpuscles,  while  only 
one  combines  with  goat  corpuscles.  Intermediary  bodies  differ  from 
one  another  both  in  their  cytophil  and  in  their  complementophil 
groups.  A given  intermediary  body  will  unite  with  a corpuscle 
only  when  it  finds  in  that  corpuscle  its  appropriate  receptor.  And, 
as  has  already  been  shown,  the  receptors  in  one  and  the  same  cor- 
puscle, as,  for  instance,  in  the  corpuscle  of  the  ox,  differ  and  take  up 
different  intermediary  bodies.  In  like  manner,  every  intermediary 
body  will  not  combine  with  every  complement ; and  combination 
between  an  intermediary  body  and  a complement  can  occur  only 
when  their  haptophorous  groups  are  homologous.  The  existence  of 
two  or  more  kinds  of  intermediary  bodies  in  a given  serum  has  been 
also  demonstrated  by  the  formation  of  anti-intermediary  bodies.  If 
a hemolytic  serum  be  injected  in  small  quantities  at  intervals  into 
an  animal  there  may  be  obtained  from  that  animal  a serum  which 
contains  an  anti-intermediary  body,  but  its  anti-action  is  not  mani- 
fest towards  all  intermediary  bodies  and  may  show  itself  only  when 
brought  into  contact  with  that  intermediary  body  by  means  of  which 
the  anti-hemolytic  serum  has  been  obtained,  and  it  is  in  this  sense 
only  that  specific  anti-intermediary  bodies  can  be  obtained.  A 
serum  containing  an  anti-intermediary  body  prevents  the  action  of  a 
hemolytic  serum  on  the  corpuscle  in  case  that  the  action  results  from 
its  own  specific  intermediary  body.  The  action  of  an  anti-inter- 
mediary body  consists  in  preventing  the  union  between  the  cytophil 
group  of  its  specific  intermediary  body  and  the  receptor  of  the  cell. 
It  is  possible  that  intermediary  bodies  possessing  different  cytophil 
groups  may  have  the  same  complementophil  group,  or  intermediary 
bodies  of  like  cytophil  groups  may  have  different  complementophil 
groups  ; and  it  is  still  possible  that  there  may  be  intermediary 
bodies  possessed  of  only  one  cytophil  group  and  having  two,  three 
or  more  complementophil  groups.  In  his  latest  articles  Ehrlich 
designates  the  intermediary  body  as  “ amboceptor/’  indicating  that 
it  has  two  haptophorous  groups,  but,  as  has  just  been  stated,  the 
intermediary  body  may  be  a triceptor,  quadriceptor,  etc. 

Each  complement  has  a haptophorous  group  by  virtue  of  which  it 
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is  able  to  effect  a combination  with  the  intermediary  body,  and  a 
zymotoxic  group  by  means  of  which  it  destroys  the  corpuscle.  Ehr- 
lich has  shown  the  close  relationship  between  the  complement  among 
the  hemolytic  factors  and  the  bacterial  toxins,  inasmuch  as  he  has 
demonstrated  the  existence  of  complementoids  which  correspond  to 
the  toxoids.  As  has  already  been  stated,  many  of  the  complements 
are  deprived  of  their  poisonous  action  by  a heat  of  5G°.  Ehrlich 
has  shown  that  this  apparent  destruction  of  the  complement  by  heat 
consists  only  in  destroying  the  zymotoxic  group.  If  an  animal  be 
immunized  with  a hemolytic  serum  which  has  been  rendered  inactive 
by  heat,  there  is  formed  in  this  animal  not  only  an  anti-intermediary 
body,  but  also  an  anti-complement.  This  procedure  is  analogous  to 
the  production  of  antitoxin  by  treating  an  animal  with  a toxoid. 
The  anti-complement  produced  in  this  way  is  often  quite  as  potent 
as,  sometimes  more  so  than,  that  obtained  by  immunizing  an  animal 
with  an  unheated  or  active  hemolytic  serum,  just  as  a highly  active 
antitoxin  may  be  obtained  by  treating  an  animal  with  a relatively 
harmless  toxoid.  An  anti-complement  prevents  the  action  of  its 
specific  complement  by  rendering  it  impossible  for  the  latter  to  com- 
bine with  the  intermediary  body.  It  is  possible  that  complements, 
like  intermediary  bodies,  may  vary  in  the  number  of  haptophorous 
groups  which  they  possess.  If  an  intermediary  body  be  possessed 
of  two  complementophil  groups,  it  may  take  up  two  mono-haptoph- 
orous  complements,  or  one  di-haptophorous  complement. 

Bordet1  combats  Ehrlich’s  view  that  the  union  between  the  inter-! 
mediary  body  and  the  blood  cell  is  a chemical  one,  and  claims  that  it  ! 
is  a phenomenon  of  surface  absorption.  The  experiment  upon  which \ 
this  claim  is  based  may  be  detailed  as  follows  : If  a guinea-pig  be' 
treated  with  rabbit’s  blood,  there  is  produced  in  the  former  animal  a 
hemolytic  serum  which  will  dissolve  a given  number  of  the  blood 
corpuscles  of  the  rabbit.  Having  determined  the  amount  of  blood 
which  a given  quantity  of  this  serum  will  completely  dissolve,  pro- 
vided that  all  the  blood  is  added  at  one  time  to  the  serum,  Bordet 
added  to  the  determined  quantity  of  serum  half  this  amount  of  rab- 
bit’s blood  and  then,  after  allowing  it  to  stand  for  a while,  added 
the  other  half  of  the  blood,  when  it  was  found  that  the  serum  dis- 
solved only  that  portion  of  blood  which  was  first  added  and  had  no 
effect  upon  the  second  portion.  He  compares  this  to  the  following 
simple  experiment  in  surface  absorption  : If  a small  amount  of  methyl 
violet  be  dissolved  in  a given  volume  of  water,  and  a piece  of  filter 
paper  be  immersed  in  this  solution  for  a short  time,  the  paper  will 
absorb  all  the  coloring  matter,  leaving  the  water  colorless.  Now,  if 
the  same  amount  of  methyl  violet  be  dissolved  in  the  same  amount 
of  water,  and  a piece  of  filter  paper  half  the  size  of  that  used  in  the 
first  experiment  be  immersed  in  this  solution,  it  also  will  absorb  all 
' Anncdea  de  P Insliiut  Pasteur,  1900. 
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the  coloring  matter  and  leave  the  solution  colorless.  Of  course,  in 
the  latter  instance,  the  paper,  being  smaller,  will  be  more  highly 
colored.  Ehrlich  has  repeated  Bordet’s  experiment  with  hemolytic 
serum  and  blood  corpuscles  and  has  not  only  confirmed  his  results, 
but  has  shown  that  even  a much  smaller  proportion  than  one-half 
the  corpuscles  will  combine  with  all  the  intermediary  body  present ; 
but  his  explanation  is  wholly  different  from  that  suggested  by  Bordet. 
Ehrlich  claims  that  when  half  the  corpuscles  are  added  to  the  amount 
of  serum  capable  of  digesting  the  whole  number  of  corpuscles,  each 
corpuscle  combines  with  a larger  number  of  intermediary  bodies  than 
is  necessary  to  effect  solution,  but  the  combination  having  taken  place, 
the  intermediary  bodies  are  held  and  are  not  free  to  act  upon  the 
corpuscles  added  in  the  second  portion.  Ehrlich  states  that  reactions 
similar  to  this  are  well  known  in  chemistry  and  he  mentions  the  fol- 
lowing instance  : Naphthalin  consists  of  two  benzol  rings  linked 
together.  If  a salt-forming  group,  a hydroxyl  or  amido  group,  be 
l^rought  in  contact  with  naphthalin,  there  are  formed  hetero-nuclear 
substitution  products,  such  as  di-oxy-naphtlialin,  amido-naphthol, 
and  naphthalin-diamin,  whose  sulpho-acids  are  capable  of  combining 
with  either  one  or  two  molecules  of  a diazo-compound.  If  two 
molecules  of  dioxy-naphthalin  be  added  to  two  molecules  of  a diazo- 
benzol, there  is  formed  exclusively  a mono-azo-compound  ; but  it 
two  molecules  of  diazo-benzol  be  added  to  one  molecule  of  dioxy- 
naphthalin,  there  is  formed  a diazo-compound.  If  an  additional 
molecule  of  dioxy-naphthalin  be  added  to  the  already  formed  diazo- 
compound,  it  is  not  capable  of  decomposing  this  substance  ; and  the 
diazo-compound  and  the  unchanged  dioxy-naphthalin  exist  together. 

We  have  already  referred  to  the  fact  that  Bordet  was  the  first  to 
show  that  the  addition  of  a small  quantity  of  normal  serum  to  that 
of  an  animal  which  had  been  immunized  against  the  cholera  vibrio 
strengthened  the  bacteriolytic  action  of  the  cholera  serum.  This 
experiment  opened  up  the  way  by  which  it  has  been  ascertained  that 
there  are  two  factors  present  in  bacteriolytic  and  hemolytic  sera, 
inasmuch  as  the  normal  serum  used  by  Bordet  contained  the  sub- 
stance which  we  now  designate  “ the  complement,”  following  Ehr- 
lich’s theory.  In  a second  series  of  experiments,  Bordet 1 treated 
guinea-pigs  intravenously  with  five  or  six  successive  injections  of 
10  c.c.  each,  of  the  defibrinated  blood  of  the  rabbit.  From  the 
animals  thus  treated  he  obtained  a serum  possessed  of  the  following 
characteristics:  (1)  This  serum  when  mixed  with  the  defibrinated 

blood  of  the  rabbit  agglutinates  the  corpuscles  with  great  energy. 
For  example,  one  part  of  the  serum  agglutinated  all  the  red  blood 
corpuscles  contained  in  fifteen  parts  of  the  defibrinated  blood  of  the 
rabbit.  (2)  The  serum  not  only  agglutinated  but  subsequently 
rapidly  dissolved  the  blood  corpuscles  of  the  rabbit.  W hen  one 
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part  of  the  defibrinated  blood  of  the  rabbit  was  added  to  two  or 
three  parts  of  the  active  serum,  the  mixture  became,  within  two  or 
three  minutes,  red,  clear  and  limpid.  Microscopical  examination  of 
this  fluid  showed  only  the  stroma  of  the  globules,  more  or  less  de- 
formed, transparent,  and  scarcely  visible.  (3)  When  the  active 
serum  of  the  guinea-pig  was  heated  to  55°  for  half  an  hour  (or  for 
less  time  at  60°)  it  lost  its  property  of  dissolving  the  corpuscles  of 
the  rabbit  but  still  agglutinated  them.  (4)  If  to  a mixture  of  the 
defibrinated  blood  of  the  rabbit  and  the  serum  of  the  guinea-pig, 
the  latter  having  been  heated  to  55°,  there  was  added  a certain 
quantity  of  fresh  serum  from  either  a normal  guinea-pig  or  rabbit 
the  hemolytic  property  of  the  serum  was  restored.  (5)  It  follows 
from  the  above  that  the  destruction  of  the  hemolytic  properties  of 
the  serum  of  the  guinea-pig  is  only  partial  and  the  injury  done  this 
serum  by  heat  is  partially  at  least  repaired  by  the  addition  of  fresh 
serum  from  either  a normal  rabbit  or  a normal  guinea-pig.  (6)  The 
serum  of  an  untreated  guinea-pig  has  only  feeble  agglutinating 
power  on  the  corpuscles  of  the  rat  and  has  no  solvent  action  on 
these  bodies.  (7)  The  active  serum  of  the  treated  guinea-pig  was 
without  influence  on  the  defibrinated  blood  of  another  guinea-pig, 
also  without  action  on  the  corpuscles  of  the  pigeon.  It  agglu- 
tinated markedly  the  corpuscles  of  the  rat  and  the  mouse.  (8) 
When  two  c.c.  of  the  defibrinated  blood  of  the  rabbit  were  intro- 
duced into  the  peritoneal  cavity  of  a guinea-pig  which  had  been 
immunized  to  th  e blood  of  the  rabbit,  the  corpuscles  thus  introduced 
were  quickly  and  completely  destroyed.  The  liquid  removed  from 
the  cavity  after  about  ten  minutes  was  found  to  be  uniformly  red 
and  perfectly  clear  and  limpid.  (9)  If  the  blood  of  the  rabbit 
mixed  with  a small  quantity  of  the  serum  of  the  treated  guinea- 
pig  which  had  been  heated  to  55°  was  injected  into  the  peritoneal 
cavity  of  the  treated  guinea-pig,  the  phenomenon  of  destruction 
took  place  very  rapidly.  (10)  The  serum  of  the  guinea-pig  injected 
intravenously  into  the  rabbit  proved  to  be  highly  toxic. 

Bordet 1 has  made  additional  valuable  contributions  to  the  subject 
of  hemolysis.  The  facts  ascertained  in  these  researches  agree  prac- 
tically in  all  details  with  those  already  given  concerning  the  work  of 
Ehrlich  and  Morgenroth,  but  Bordet’s  explanation  of  the  facts 
differs  from  that  given  by  the  German  investigators.  Ehrlich’s 
intermediary  body  is  designated  by  Bordet  as  the  sensitizer  ( substance 
sensibilatrice),  and  its  function  is  to  render  impressionable  globules 
sensitive  to  the  action  of  the  toxic  body,  which  Ehrlich  designates  as 
complement  and  Bordet  calls  alexin.  Ehrlich  holds  that  the  combi- 
nation between  the  corpuscles  and  the  intermediary  body  is  a chem- 
ical one,  while  Bordet  explains  the  action  of  his  sensitizer  on  phys- 
ical grounds.  The  term  alexin,  adopted  by  Bordet,  is  the  same  as 
1 Annalex  dt  V Institut  Pasteur,  1899  and  1900. 
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(that  used  by  Buchner  to  indicate  the  germicidal  constituent  of  blood 
serum.  Bordet  has  also  prepared  anti-sensitizers  and  anti-alexins 
j by  immunizing  animals  to  hemolytic  sera.  It  will  be  seen  from  this 
that  there  is  but  little  difference  either  in  the  experimental  results 
obtained  or  in  the  theoretical  explanation  offered  by  the  German  and 
the  French  investigators.  It  should  also  be  mentioned  that  it  is 
generally  believed  that  the  combination  between  the  intermediary 
j body  and  the  blood  corpuscle,  whether  it  be  chemical  or  physical,  is 
confined,  so  far  as  the  corpuscle  is  concerned,  to  the  stromata,  and 
that  the  hemoglobin  takes  no  part  in  the  reaction.  Muller  calls  the 
intermediary  body  11  copula,”  London  designates  it  “ desmon,”  while 
Metschnikoff  calls  the  intermediary  body  u philocytase  ” and  the 
oomplement  “ cytase.” 

It  has  long  been  known  that  the  sera  of  certain  animals  may  dis- 
solve the  red  blood  corpuscles  of  animals  of  other  species.  So  far 
as  we  know,  the  first  recorded  observation  of  this  phenomenon  was 
made  by  Dumas  and  Prevost.1  Early  experiments  on  the  transfusion 
of  blood  from  one  animal  to  another  gave  opportunity  for  repeated 
observation  of  hemolytic  effects.  One  of  the  first  attempts  to  study 
hemolysis  by  the  methods  of  exact  scientific  examination  was  made 
by  Ehrlich  2 in  1884,  when  he  disproved  the  generally  held  idea  that 
cold  is  a causative  factor  in  the  production  of  hemoglobinuria.  He 
closed  his  paper  on  this  subject  by  suggesting  that  cold  can  lead  to 
the  dissolution  of  blood  corpuscles  only  in  specially  disposed  indi- 
viduals in  which  the  walls  of  the  blood  vessels  produce  certain  agents 
(ferments?)  which  injure  the  “ discoplasma.”  In  1898  Belfanti 
and  Carbone 3 ascertained  that  the  blood  serum  of  an  animal  treated 
with  the  blood  of  an  animal  of  another  species  proved  toxic  when 
injected  intravenously  into  the  animal  from  which  the  blood  had 
been  originally  obtained.  Rabbit’s  blood  was  injected  subcutaneously 
into  horses  and  the  serum  of  the  horse  injected  into  the  rabbit 
caused  dissolution  of  the  corpuscles  and  induced  death.  This  ob- 
servation was  probably  the  starting  point  of  the  numerous  experi- 
mental studies  which  have  been  made  upon  this  subject  within  the 
last  two  years.  Almost  simultaneously  Bordet  in  France  and  Land- 
steiner  in  Austria  published  the  results  of  experiments  along  this 
line.  We  have  already  referred  to  Bordet’s  work,  and  that  of  Land- 
steiner 4 contributed  nothing  specially  new.  Yon  Dungern 5 injected 
the  blood  of  chickens  and  pigeons  into  the  peritoneal  cavities  of 
guinea-pigs  and  observed  that  at  first  the  corpuscles  thus  injected 
were  slowly  dissolved,  but  upon  repeating  the  injections  into  the 
same  animals  he  found  that  solution  occurred  more  promptly  and 

1 Annales  de  Ckimie,  1821. 
a Chariie- Annalen,  10. 

3 Giomal  d.  R.  Acad,  di  Med.  di  Torino,  1898. 

* Centralblatt  f.  Bakteriologie , 25. 

5 Miinchener  med.  Wochenschrifl.  1899. 
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Ehrlich’s  Figures— Illustrating  his  Theory. 
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Fig.  1. 

a.  Complement ; 6.  Interme- 
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Fig.  3. 

Showing  separation  of  antitoxins,  and 
combination  of  toxins  with  free  antitoxins. 


Fig.  4. 

Showing  the  action  of  anti-comple- 
ment. a.  Complement ; 6.  Inter- 
mediary body;  c.  Receptor;  d.  Cell ; 
e.  Anti-complement. 
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that  the  serum  of  the  guinea-pig  agglutinated  and  dissolved  the  cor- 
puscles of  the  birds  both  inside  and  outside  the  body.  Metsclini- 
koff1  repeated  these  experiments  using  the  blood  of  the  goose,  and 
Krompecber 2 has  done  the  same  with  the  corpuscles  of  the  frog.  It 
should  be  stated  that  there  is  some  advantage  in  the  use  of  nucleated 
red  cells  for  injection  purposes,  inasmuch  as  the  nuclei  are  not  dis- 
solved and  the  number  of  free  nuclei  is  an  index  to  the  degree  of 
hemolysis.  If  to  a drop  of  the  serum  of  a rabbit  which  has  been 
immunized  to  chicken’s  blood,  there  be  added  a small  quantity  of 
chicken  blood  and  guinea-pig  blood,  and  the  mixture  be  examined 
under  the  microscope,  it  will  be  seen  that  at  first  the  nucleated  cells 
of  the  chicken  blood  agglutinate  while  the  cells  of  the  guinea-pig 
blood  remain  evenly  distributed  and  later  the  chicken  blood  under- 
goes hemolysis,  while  that  of  the  guinea-pig  remains  unaffected. 

Mosso 3 found  that  the  popular  belief  that  the  blood  of  the  eel  is 
poisonous  to  mammals  is  true,  and  he  demonstrated  that  the  intrave- 
nous injection  of  0.1  c.c.  of  eel  serum  per  kilogram  of  body  weight  into 
rabbits  and  guinea-pigs  induced  death  within  three  minutes  and  that 
post-mortem  examination  showed  that  the  mammalian  erythrocytes  had 
been  dissolved.  Subsequent  investigation  showed  that  the  hemolytic 
action  of  eel  serum  on  the  blood  of  mammals  may  be  demonstrated 
in  vitro.  Kossel,4  Camus  and  Gley,5  and  Tchistovitch 6 took  up 
this  investigation  and  showed  that  rabbits,  dogs  and  goats  could  be 
easily  immunized  against  eel  serum  and  that  the  antitoxin  thus  ob- 
tained prevented  the  hemolytic  action  of  this  serum  in  vitro , as  well 
as  in  vivo. 

Camus  and  Gley 7 8 have  shown  that  the  blood  corpuscles  of  some 
animals  (hedgehogs  and  certain  birds)  are  not  susceptible  to  the 
hemolytic  action  of  eel  serum  and  they  explain  this  by  stating  that 
it  is  due  to  a peculiarity  of  the  organization  of  the  blood  cells  of  these 
animals.  According  to  Ehrlich’s  theory,  it  might  be  said  that  the 
red  blood  corpuscles  of  these  animals  have  no  receptors  with  which 
the  toxic  substance  in  eel  serum  can  combine.  The  venoms  of  the 
cobra  and  other  poisonous  snakes  have  a marked  hemolytic  effect 
upon  the  blood  of  mammals  which  can  be  arrested  by  the  action  of 
specifically  prepared  anti-hemolytic  sera. 

Halban9  has  made  an  important  contribution  to  our  knowledge  of 
both  agglutinins  and  hemolysins,  and  although  the  agglutinins  will  be 
discussed  in  a subsequent  chapter,  in  order  to  save  repetition  we  will 

1 Annales  de  V Imtitut  Pasteur,  1900. 

* CentralblaUf.  Bakleriologie,  28. 

3 Archiv  f.  Experiment.  Patholoyie,  25. 

* Berliner  klin.  Wochenschrift,  1898. 

5 Archiv  Internal,  de.  Pharmacodynamic,  3 and  4. 

6 Annales  de  V Institut  Pasteur,  1899. 

7 Compt.  Rend.  deC  Acad,  de  Sc.,  1899. 

8 Wiener  klin.  Wochenschrift,  1900. 
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give  a condensed  statement  here  concerning  Halban’s  work  with  both 
of  these  substances,  , He  obtained  sterile  fetal  blood  drawn  from  the 
placental  end  of  the  cord  cut  directly  after  birth,  while  the  mother’s 
blood  was  secured  by  placing  small  sterile  dishes  in  the  vagina  after 
the  removal  of  the  placenta.  He  prepared  from  each  kind  of  blood 
both  defibrinated  blood  and  sera.  With  these  preparations  he  tested 
the  agglutinating  and  hemolytic  effects  of  the  serum  of  the  fetus  on  its 
own  mother,  and  vice  versa;  also  the  action  of  the  fetal  serum  on  the 
blood  of  other  mothers.  The  results  of  these  investigations  may  be 
summed  up  as  follows  : (1)  The  agglutinating  properties  of  the  blood 
of  the  fetus  did  not  appear  to  be  dependent  upon  those  of  the  mother’s 
serum,  inasmuch  as  the  mother’s  serum  frequently  agglutinated  mark- 
edly, while  the  serum  of  the  fetus  did  not  agglutinate  at  all.  Occa- 
sionally this  condition  was  reversed,  but  as  a rule  the  agglutinating  ac- 
tion of  the  fetal  blood  was  much  less  marked  than  that  of  the  maternal. 
(2)  A like  result  was  obtained  when  the  action  of  both  kinds  of  serum 
was  tested  upon  the  blood  of  the  mothers  of  other  infants.  (3)  The 
same  differences  were  observed  as  a rule  when  the  sera  were  mixed 
with  the  blood  of  other  individuals.  (4)  In  no  case  did  the  serum 
of  either  fetus  or  mother  agglutinate  the  corpuscles  of  the  individual 
from  which  the  serum  was  obtained.  (5)  In  a considerable  number 
of  cases  the  serum  of  the  mother  agglutinated  the  blood  of  the  fetus 
and  the  serum  of  the  fetus  agglutinated  the  blood  of  the  mother.  In 
other  words,  the  two  sera  acted  in  this  respect  as  did  sera  obtained 
from  different  individuals.  When  the  serum  of  the  mother  aggluti- 
nated the  blood  of  other  individuals  it  also  agglutinated  that  of  her 
own  child  ; and,  likewise,  when  the  serum  of  the  fetus  agglutinated 
the  blood  of  other  individuals  it  also  agglutinated  the  blood  of  its 
own  mother.  (6)  The  hemolytic  action  of  both  sera  as  a rule  par- 
alleled their  agglutinating  effects.  (7)  The  agglutinating  action  of 
both  sera  was  tested  on  cholera  cultures  and  showed  the  same  reac- 
tion with  these  cells  as  with  red  blood  corpuscles.  (8)  These  inves- 
tigations show  that  the  kind  and  amount  of  agglutinins  and  lysins 
existing  in  the  blood  of  the  mother  and  the  fetus  differ  as  they  would 
between  other  individuals.  From  these  studies  Halban  draws  con- 
clusions which  may  be  condensed  as  follows  : 

A.  The  fact  that  the  maternal  and  fetal  blood  belong  to  two 
wholly  distinct  circulatory  systems  is  established.  It  is  known  that 
the  chemical  properties  of  these  two  bloods  differ,  and  Kruger  has 
shown  that  the  fetal  blood  contains  only  slightly  more  solid  con- 
stituents than  the  maternal  blood  ; while  the  fibrin  of  the  former  is 
markedly  less  than  that  of  the  latter.  Scherenziss  has  demonstrated 
that  the  specific  gravity  of  fetal  blood  is  somewhat,  and  that  of 
fetal  serum  markedly,  lower  than  that  of  the  mother.  Fetal  blood 
contains  less  hemoglobin  and  therefore  its  red  corpuscles  must  be 
richer  in  stroma  and  are  more  easily  destroyed  than  the  corpuscles 
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of  the  mother.  On  the  other  hand,  fetal  blood  is  richer  in  inorganic 
salts,  especially  the  insoluble  salts,  than  is  the  blood  of  adults. 
Furthermore,  fetal  blood  is  richer  iu  sodium,  poorer  in  potassium, 
and  the  total  quantity  of  chlorin  not  combined  with  either  potassium 
or  sodium  is  markedly  smaller  than  in  the  blood  of  adults. 

B.  It  also  follows  from  these  experiments  that  the  maternal  blood 
often  contains  agglutinins  while  the  fetal  blood  shows  no  trace  of 
these  substances ; and  inasmuch  as  the  fetus  must  obtain  albuminous 
substances  from  the  maternal  blood  in  the  construction  of  its  own 
tissue,  and  as  the  agglutinins  are  supposed  to  belong  to  the  globulins, 
it  follows  that  all  albuminous  substances  are  not  absorbed  by  the 
fetus  from  the  mother  equally  and  that  there  must  be  a selective 
absorption  manifested  by  the  epithelium  of  the  chorion. 

C.  This  investigation  bears  upon  the  question  of  the  origin  ot 
normal  agglutinins  in  the  blood ; of  course,  it  has  nothing  to  do 
with  specific  agglutinins  produced  by  inoculation.  Since  agglutinins 
are  present  in  the  blood  of  the  mother,  it  has  been  supposed  that 
those  found  in  the  blood  of  the  fetus  have  simply  been  transferred 
from  the  former  to  the  latter,  but  the  above-mentioned  experiments 
contradict  this  view,  inasmuch  as  it  was  shown  in  some  instances 
that  there  are  agglutinins  in  fetal  blood  while  they  are  not  present 
in  the  blood  of  the  mother.  We  must,  therefore,  suppose  that  these 
substances  originate  independently  of  the  mother,  and  we  should 
distinguish  between  inborn  and  hereditary  agglutinins  and  lysins. 
Ehrlich  and  Morgenroth  have  proved  the  existence  of  isoagglutinins 
and  isolysins,  but  it  is  claimed  by  Halban  that  these  must  be  sub- 
divided into  ordinary  isoagglutinins  and  isolysins  on  one  hand,  and 
idio-isoagglutinins  and  idio-isolysins  on  the  other,  meaning  by  the 
last  given  terms  his  inborn,  non-hereditary  substances.  To  account 
for  the  origin  of  these  idio-iso-substances,  Halban  offers  the  follow- 
ing theories  : (1)  The  idio-iso-agglutinins  and  idio-isolysins  are  due 
to  an  interchangeable  immunization  between  mother  and  fetus. 
Blood  cells  in  both  circulatory  systems  are  constantly  disintegrating 
and  the  products  of  their  disintegration  may  pass  from  mother  into 
fetus  and  vice  versa,  and  by  this  means  an  interchangeable  immuni- 
zation may  be  produced.  The  fact  that  the  agglutinins  are  more 
frequent  in  the  blood  of  the  mother  than  in  that  of  the  fetus  may 
be  explained  on  the  supposition  that  the  fetus  does  not  form  agglu- 
tinins so  readily.  Halban  supposes  that  this  theory  has  some  sup- 
port in  the  demonstrated  fact  that  children  infected  with  typhoid 
fever  during  the  first  year  of  life  as  a rule  show  the  Widal  reaction 
less  promptly  than  adults  do ; and  he  states  that  it  has  been  shown 
by  Schreiber  that  newly  born  infants  bear  without  apparent  effect 
doses  of  tuberculin  which  induce  in  adults  marked  elevation  of  tem- 
perature. Halban  admits  that  the  presence  of  agglutinins  in  the 
blood  of  women  who  have  never  borne  children,  and  also  in  the 
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blood  of  men,  is  difficult  of  explanation  by  this  theory,  unless  we 
assume  that  every  individual  is  possessed  of  the  agglutinins  and 
lysins  which  originated  in  that  individual  during  fetal  life  by  inter- 
changeable immunization  with  the  mother.  This  explanation  pro- 
vides for  an  existence  of  these  substances  more  prolonged  than  seems 
possible.  (2)  The  origin  and  continued  existence  of  agglutinins  and 
lysins  in  the  body  may  be  explained  on  the  assumption  that  they  are 
due  to  the  frequent  absorption  of  bacterial  substances,  especially  from 
the  intestines ; but  the  fetus  has  been  found  to  be  germ-free,  and  it 
has  been  shown  by  Kraus  and  Clairmont  that  the  serum  of  newly- 
hatched  pigeons  often  possesses  very  marked  bacteriolytic  action. 
(3)  There  remains  the  possibility  that  normal  agglutinins  and  lysins 
may  be  due  to  self-immunization,  resulting  from  the  continued  dis- 
solution of  cells  in  the  body.  It  is  true  that  Ehrlich  and  Morgen- 
roth  did  not  succeed  in  producing  an  autolysin.  Halban  states  that 
there  are  present  in  normal  blood  not  only  idio-isoagglutinins  and 
idio-isolysins,  but  also  idio-heteroagglutinins  and  idio-heterolysins. 
The  presence  of  the  last-mentioned  substances  is  indicated  by  the 
property  of  normal  blood  of  agglutinating  and  dissolving  certain 
foreign  cells,  also  the  blood  corpuscles  of  other  species  of  animals. 
These  substances  can  hardly  be  supposed  to  have  their  origin  in  self- 
immunization.  So  long  as  we  are  unable  by  experimental  means  to 
produce  auto-agglutinins  and  auto-isolysins,  it  must  be  assumed  that 
the  agglutinins  and  lysins  of  normal  serum  are  inborn  substances. 

Meltzer,1  having  ascertained  that  the  normal  serum  of  the  ox  has 
a marked  hemolytic  action  on  the  erythrocytes  of  the  rabbit,  placed 
this  serum  in  the  peritoneal  cavities  of  rabbits,  and,  removing  it  after 
varied  intervals,  compared  its  hemolytic  action  on  the  corpuscles  of 
the  rabbit  with  that  manifested  by  the  same  serum  before  it  was  in- 
troduced into  the  animal.  These  experiments  led  to  the  following 
conclusion  : “ The  normal  hemolytic  power  of  bullock’s  serum  for 
the  red  blood  corpuscles  of  the  rabbit  disappears  during  a stay  in  the 
peritoneal  cavity  of  this  animal ; and  the  disappearance  is  the  greater 
the  longer  the  stay,  and  is  independent  of  the  absorption  of  the  fluid  ; 
disappearance  takes  place  even  during  the  first  fifteen  minutes.” 
Further  investigation  showed  that  the  disappearance  of  the  hemo- 
lysin was  not  due  to  the  formation  of  an  anti-hemolysin,  and  that  the 
hemolytic  action  of  the  ox  serum  was  lost,  but  more  slowly,  when  it 
was  introduced  into  the  peritoneal  cavity  of  a dead  rabbit.  From 
this,  Meltzer  concluded  that  the  disappearance  of  the  hemolytic 
power  of  the  serum  was  due  to  the  imbibition  of  one  of  the  hemolytic 
factors,  and  subsequent  investigation  showed  that  the  factor  absorbed 
is  the  complement;  however,  he  was  not  able  to  regenerate  the 
serum  removed  from  the  cavity  by  the  addition  of  sera  containing 
various  complements.  Meltzer  also  ascertained  that  hemolytic  serum 

1 Medical  Record , 60,  1901. 


THE  LYSINS. 


141 


obtained  by  immunization  becomes  inactive  when  kept  for  a few 
hours  in  the  peritoneal  cavity ; but  in  this  case,  regeneration  was 
accomplished  by  the  addition  of  fresh  serum  containing  a comple- 
ment. In  these  experiments  rabbits  were  treated  intravenously  with 
guinea-pig’s  blood  and  after  a serum  had  been  obtained  which  had  a 
marked  hemolytic  action  on  the  blood  corpuscles  of  the  guinea-pig 
some  of  it  was  introduced  into  the  peritoneal  cavity  of  a normal 
rabbit,  left  there  for  three  hours,  and  then  recovered.  “ Such  peri- 
toneal serum,  when  added  to  guinea-pig’s  blood,  agglutinated  it,  but 
caused  no  hemolysis  whatsoever.  Addition  of  immunized  rabbit 
serum,  made  inactive  by  heating,  to  peritoneal  serum,  had  no  regen- 
erating effect.  But  addition  of  fresh  normal  rabbit  serum  to  the  im- 
munized peritoneal  serum  regenerated  it  completely  ; the  mixture  of 
both  sera  dissolved  guinea-pig’s  blood  as  readily  as  the  active  im- 
munized serum  alone.” 

In  his  studies  of  cobra  lysin,  Myers 1 found  that  when  this  toxin 
is  treated  with  anti-venomous  serum  it  behaves  similarly  to  the  bac- 
terial toxins.  For  instance,  it  was  ascertained  that,  in  order  to  neu- 
tralize 1 mg.  of  cobra  poison  so  that  it  would  no  longer  manifest  a 
hemolytic  action  on  the  blood  corpuscles  of  man,  1.3  c.c.  of  anti- 
venomous  serum  was  required  ; but  when  0.1  c.c.  of  the  serum  was 
added  to  1 mg.  of  the  venom,  it  deprived  it  of  four-fifths  of  its  toxic 
action,  and  when  0.2  c.c.  of  the  serum  was  used  it  destroyed  nine- 
tenths  of  the  hemolytic  power  of  the  venom.  If  these  figures  be 
compared  with  those  given  by  Madsen  in  his  studies  of  tetanolysin 
and  already  referred  to  on  page  64,  the  similarity  will  be  evident. 
Myers  found  that  the  hemolytic  action  of  a sample  of  dry  venom  re- 
mains constant  for  a long  time,  but  such  a venom  in  dilute  solution 
rapidly  decreases  in  hemolytic  action  until  it  reaches  a minimum, 
when  there  is  no  further  change.  This  is  evidence  that  bodies  simi- 
lar to  the  toxoids  described  by  Ehrlich  are  also  formed  in  cobra 
lysin. 

Bulloch  and  Hunter2  have  shown  that  filtered  cultures  of  the  ba- 
cillus pyocyaneus  dissolve  the  red  corpuscles  of  the  ox,  the  sheep, 
rabbit,  monkey,  cat,  dog  and  rat.  The  more  concentrated  the  solu- 
tion of  the  toxin  the  more  rapidly  does  its  hemolytic  action  manifest 
itself,  but  in  all  the  experiments  there  appeared  to  be  a latent  period 
during  which  there  was  no  hemolysis.  A goat  was  immunized  with 
filtrates  of  this  bacillus,  and  in  the  serum  of  this  animal  there  ap- 
peared an  anti-hemolytic  substance  which  manifested  its  neutralizing 
effects  in  vitro.  In  experimenting  with  this  substance  it  was  ob- 
served that  while  small  quantities  of  the  immune  serum  did  not  pre- 
vent hemolysis  and  medium  quantities  did,  excessively  large  amounts 
of  the  serum  led  to  renewed  hemolytic  action. 

1 Transact  ions  of  the  Pathological  Society  of  London,  51. 

2 Ibidem. 
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Von  Dungern1  discovered  that  epitheliolysins  may  be  produced. 
His  method  of  experimentation  and  the  results  obtained  may  be 
briefly  stated  as  follows : He  removed  the  trachea  from  an  ox  imme- 
diately after  death,  and  from  this  he  scraped  the  ciliated  epithelial 
cells,  taking  care  to  avoid  mixture  with  red  blood  corpuscles  or 
connective  tissue.  The  epithelial  cells  thus  obtained  were  suspended 
in  physiological  salt  solution  and  injected  into  the  peritoneal  cavities 
of  guinea-pigs.  From  time  to  time  some  of  the  injected  cells  were 
removed  and  examined  microscopically.  The  first  change  observed 
was  one  of  form,  in  which  the  cells  were  found  to  be  rolled  up  like 
balls,  but  were  still  capable  of  moving  through  the  fluid  by  the  ac- 
tivity of  their  cilia.  Next  the  epithelial  cells  were  found  to  be 
clumped  in  masses,  with  the  cilia  still  active  and  many  of  these 
masses  were  seen  moving  like  an  individual  through  the  fluid. 
Later  the  cells  were  seen  to  undergo  a cystoid  degeneration.  One 
or  more  small  vacuoles  could  be  seen  in  the  protoplasm,  and  these 
often  contained  leucocytes.  These  cysts  gradually  became  larger, 
pressing  the  nuclei  to  the  edges,  and  the  cells  appeared  like  large 
vacuoles  surrounded  by  thin  walls.  From  the  cavity  of  an  animal 
treated  in  this  way  for  the  first  time  visible  cells  can  be  obtained  in 
some  cases  as  long  as  six  or  even  ten  days  after  the  injection,  but 
when  the  same  animal  is  treated  after  a lapse  of  ten  or  twelve  days 
with  a second  injection  of  ciliated  epithelium  the  cells  are  found  to 
bedestroyed  with  much  greater  rapidity,  and  after  eighteen  hours  no 
cel  Is  with  motion  can  be  discovered.  By  continuing  the  immuniza- 
tion an  increased  solvent  action  on  the  part  of  the  peritoneal  fluid 
was  observed.  From  animals  thus  immunized  to  ciliated  epithelium 
there  was  obtained  a serum  which  in  vitro  dissolved  similar  cells. 
Epithelial-immune  serum  dissolves  the  red  blood  corpuscles  as  well  as 
the  tracheal  epithelium  of  the  ox.  On  the  other  hand,  however,  the 
serum  of  guinea-pigs  immunized  to  ox  blood,  has  no  solvent  action 
upon,  the  tracheal  epithelium  of  the  ox,  either  in  mtro  or  in  vivo. 
This  phenomenon  can  be  explained  in  two  ways.  Either  the  epithe- 
lial immune  serum  contains  two  lysins,  one  of  which  acts  upon  epi- 
thelial cells,  while  the  other  exerts  its  effect  wholly  on  the  erythro- 
cytes ; or  there  may  be  in  the  epithelial  immune  serum  only  one 
lysin,  which  has  a specific  action  on  ciliated  epithelium  and  a non- 
specific action  on  the  erythrocytes.  That  the  latter  is  the  correct 
explanation  is  shown  by  the  fact  that  when  immune  serum  was 
brought  in  contact  with  a mixture  of  epithelial  cells  and  blood  cor- 
puscles, it  acted  only  on  the  epithelium.  Evidently  the  lysin  in 
epithelial-immune  serum  has  a greater  affinity  for  epithelial  cells  than 
it  has  for  blood  corpuscles,  and  when  the  former  of  these  is  present 
in  sufficient  quantity  in  a mixture  of  the  two,  all  of  the  lysin  is  used 
up  in  effecting  a combination  with  the  epithelial  cells.  Von  Dun- 
1 Miinchener  med.  Wochenschrifl , 1899. 
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gem  suggests  the  possibility  of  using  an  epitheliolysin  in  the  de- 
struction of  the  unrecognizable  cancer  cells  that  may  remain  in  the 
tissue  alter  excision  by  the  surgeon. 

In  a second  communication  von  Dungern1  has  shown  that  rabbits 
and  guinea-pigs  immunized  to  cow’s  milk  produce  sera  which  act 
upon  ciliated  epithelial  cells  and  also  possess  slight  hemolytic 
properties. 

Lindemann,2  in  carrying  out  his  investigations  concerning  the 
action  of  vinylamin  on  the  Sidneys  recalled  the  fact,  discovered  by 
Claude  Bernard,  that  the  serum  of  an  animal  injected  intravenously 
into  an  animal  of  another  species  induces  a more  or  less  permanent 
albuminuria.  This  led  him  to  endeavor  to  strengthen  the  action  of 
a heterologous  serum  by  treating  the  animal  with  an  emulsion  of  the 
kidney  substance.  The  kidney  of  a rabbit  was  rubbed  up  into  an 
emulsion  and  this  was  introduced  into  the  peritoneal  cavity  of  a 
guinea-pig.  From  the  latter  animal  there  was  obtained  a serum 
which  when  injected  intravenously  into  rabbits  caused  rapid  destruc- 
tion of  the  kidneys  of  these  animals.  The  following  experiment 
illustrates  the  work  done  : A rabbit  which  had  received  without 

apparent  effect  eight  c.c.  of  the  serum  of  a normal  guinea-pig,  was 
seven  days  later  given  a like  amount  of  the  serum  of  a guinea-pig 
which  had  been  treated  with  the  renal  emulsion.  The  latter  injec- 
tion provoked  albuminuria  within  a few  hours,  followed  within  two 
days  by  complete  anuria  and  death.  The  kidneys  of  this  rabbit 
presented  histological  lesions  closely  resembling  those  found  in  ani- 
mals killed  by  the  administration  of  renal  poisons.  There  was 
marked  disintegration  and  necrosis  of  the  epithelium  of  the  convo- 
luted tubules.  The  greater  part  of  the  tubules  were  transformed 
into  granular  masses  containing  pycnotic  nuclei.  The  nuclei  which 
persisted  were  not  found  to  show  evidences  of  chromatolysis,  which 
is  characteristic  of  coagulation  necrosis,  induced  by  metallic  salts, 
but  they  resemble  those  found  after  poisoning  with  vinylamin  and 
in  which  the  alterations  in  the  protoplasm  precede  changes  in  the 
nuclei.  The  glomeruli  did  not  present  any  specific  alteration. 
Numerous  granular  casts  were  found  in  the  straight  tubules.  The 
serum  of  animals  treated  with  emulsions  of  kidney  is  said  to  be 
nephrolytic,  and  the  specific  toxin  contained  in  such  serum  is  known 
as  neph  roly  sin. 

In  a second  communication  Lindemann3  found  that  the  serum  of 


dogs  which  were  suffering  from  nephritis  induced  by  intravenous  in- 
jections of  chromate  of  potash,  has  marked  nephrolytic  effect  when 
injected  into  other  dogs  and  causes  a severe  nephritis  terminating  in 
death.  Schiitze,4  by  treating  rabbits  with  emulsions  of  the  kidneys 

1 Munchener  med.  Wochenschrift,  1 900. 

2 Annales  de  l'  Institut  Pasteur,  14,  1900. 

3 Cmlralblatt  f.  Pathologic,  1900. 

4 Deutsche  med.  Wochenschrift,  1900. 
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and  liver  of  normal  guinea-pigs,  was  not  able  to  secure  a kidney-  or 
liver-serum  which  had  a specific  effect  upon  homologous  cells. 
N§f6dieff  has  gone  over  this  work  with  great  care  and  has  not  only 
confirmed  all  the  statements  made  by  Lindemann,  but  has  pushed 
the  investigation  further  along  interesting  lines.  He  tied  the  ureter 
of  one  side  in  each  of  two  healthy  rabbits.  These  animals  bore  the 
operation  well,  the  wounds  healed  without  suppuration,  and  there 
was  marked  gain  in  weight.  Twenty-four  days  after  the  ligature 
had  been  applied  he  took  blood  from  the  artery  of  one  of  these 
animals  and  injected  the  serum  obtained  from  it  (four  c.c.  per  kilo) 
into  the  auricular  vein  of  a healthy  rabbit.  The  urine  of  the  rab- 
bit thus  treated  contained  on  the  next  day  a notable  quantity  of 
albumin  which,  however,  progressively  diminished  and  disappeared 
after  five  days.  Forty-one  days  after  the  ligature  was  tied  blood 
was  taken  from  the  second  rabbit  and  its  serum  (five  c.c.  per  kilo) 
was  injected  into  another  healthy  rabbit  whose  urine  at  that  time  did 
not  contain  albumin,  which,  however,  appeared  in  large  quantity 
immediately  after  the  injection,  and  continued  for  four  days,  rapidly 
diminishing.  The  presence  of  a large  amount  of  albumin  iu  the 
urine  of  this  animal  for  three  days  after  the  injection  led  the  investi- 
gator to  kill  the  animal  and  make  a post-mortem  examination.  This 
was  done  on  the  seventh  day  after  the  injection.  The  kidneys  were 
found  slightly  increased  in  volume  ; section  showed  slight  hyperemia ; 
and  the  capsule  was  easily  removed.  Microscopical  examination 
revealed  the  presence  of  marked  lesions  in  every  part  of  the  organ. 
The  vessels  of  the  glomeruli  and  all  the  capillaries  of  the  intersti- 
tial spaces  were  greatly  distended.  The  epithelium  of  the  convo- 
luted tubules  showed  necrosis,  vacuolization,  and  modifications  in  the 
nuclei ; while  the  tubules  themselves  were  filled  with  casts.  The 
nuclei  of  the  epithelial  cells  were  irregular  and  more  or  less  broken. 
The  epithelium  of  the  straight  tubules  was  less  altered ; but  in  these 
tubules  there  were  casts  consisting  of  epithelial  cells  so  completely 
broken  down  as  to  be  devoid  of  structure.  In  general,  the  patho- 
logical conditions  found  were  similar  to  those  which  exist  in  diffuse 
inflammation  of  the  kidney  when  accompanied  by  the  presence  of  a 
large  quantity  of  albumin  in  the  urine.  These  experiments  demon- 
strate that  the  blood  of  animals  in  which  one  ureter  has  remained 
tied  for  some  time  becomes  laden  with  a nephrotoxic  substance. 
Evidently  ligature  of  the  ureter  is  followed  by  absorption  into  the 
circulation  of  certain  specific  substances  which  have  a destructive 
action  upon  renal  cells.  What  the  nature  of  the  nephrotoxin  is  has 
not  been  determined,  but  the  above-mentioned  investigation  shows 
that  it  is  an  isotoxin. 

Landsteiner  1 placed  the  spermatozoa  of  the  bullock  and  of  guinea- 
pigs  in  the  peritoneal  cavities  of  guinea-pigs ; and  removing  them 

1 Centralblatt  f.  Bakterioloi/ie,  25. 
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from  time  to  time  and  submitting  them  to  examination,  he  ascer- 
tained that  while  the  homologous  cells  were  not  altered  and  still 
retained  their  motility,  the  heterologous  cells  soon  lost  their 
motility. 

Metschnikoff1  injected  the  spermatic  fluid  of  one  guinea-pig 
into  the  peritoneal  cavity  of  another,  and  found  that  after  some 
hours  the  spermatozoids  were  taken  up  by  the  leucocytes.  After 
this,  he  injected  into  the  peritoneal  cavities  of  guinea-pigs  sperma- 
tozoa of  several  species  of  animals,  and  observed  that  many  of  these, 
while  still  alive,  are  taken  up  by  the  leucocytes.  The  head  of  the 
spermatozoon  is  first  absorbed  by  the  leucocyte,  and  for  some  time 
thereafter  the  tail  continues  motile.  Finally,  however,  the  tail,  as 
well  as  the  head,  is  taken  into  the  leucocyte,  and  is  apparently  di- 
gested. Twenty-four  hours  after  the  injection  heads  of  spermatozoa 
within  the  leucocytes  become  more  rare,  and  finally  none  can  be  seen. 
The  majority  of  the  spermatozoa  are  taken  up  and  digested  by  the 
mononuclear  leucocytes.  Metschnikoff  was  not  able  to  observe  any 
digestion  of  spermatozoa  outside  of  the  leucocytes,  and  it  may  be 
stated  here  that  no  one  has  as  yet  prepared  a fluid  which  dissolves 
spermatozoa.  As  we  shall  see  later,  sera  have  been  obtained  which 
destroy  the  motility  of  spermatozoa,  but  the  specific  substances  con- 
tained in  these  sera  are  spermotoxius  rather  than  spermotolysins. 
In  pursuing  his  investigations  Metschnikoff  found  that  after  all  of 
the  injected  spermatozoa  had  been  absorbed  from  the  peritoneal 
cavity  of  the  guinea-pig,  that  animal  furnished  a serum  which  im- 
mobilized the  spermatozoa  of  the  animal  furnishing  the  material  with 
which  it  had  been  treated.  Later,  by  the  subcutaneous  treatment  of 
rabbits  with  spermotoxic  serum  obtained  from  guinea-pigs,  he  pro- 
duced anti-spermotoxic  substances  and  found  that  spermatozoa  re- 
tained their  motility  when  placed  in  mixtures  of  spermotoxic  and 
anti-spermotoxic  sera.  This  anti-body  may  be  developed  in  castrated 
as  well  as  in  normal  animals,  showing  that  other  cells  of  the  body  may 
produce  the  substance.  Moxter 2 injected  the  spermatozoa  of  the  ram, 
suspended  in  physiological  salt  solution,  into  the  peritoneal  cavities 
of  guinea-pigs.  After  twenty -five  minutes,  the  spermatozoa,  in  part 
still  motile,  were  seized  upon  by  the  leucocytes,  and  after  twenty- 
four  hours  no  free  spermatozoa  could  be  found.  There  was  observed 
at  no  time  any  evidence  of  dissolution  of  the  spermatic  cells.  This 
phenomenon,  it  will  be  seen,  is  quite  contrary  to  that  observed  on  the 
introduction  of  erythrocytes  into  the  peritoneal  cavity  of  an  animal 
of  another  species.  The  serum  of  the  treated  guinea-pig  was  found 
to  possess  marked  spermatocidal  properties.  When  the  living  sper- 
matozoa of  the  ram  were  divided  into  two  portions,  one  of  which  was 
treated  with  the  serum  of  a normal  guinea-pig  and  the  other  with 

1 Annales  de  F Inslitut  Pasteur,  1899. 

s Deutsche  vied.  Wochenschrift,  1900. 
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the  serum  of  the  immunized  animal,  no  marked  difference  in  the 
action  of  these  sera  could  be  observed.  In  both  instances  the  mo- 
tility of  the  cells  was  arrested  within  from  two  to  six  minutes,  when 
* the  serum  was  fresh.  (It  will  be  noted  that  this  observation  is  not 
in  accord  with  that  reported  by  Metschnikoff.)  The  death  of  the 
spermatozoa  in  the  serum  is  not  due  to  the  fact  that  the  latter  does 
not  afford  an  adequate  medium  for  the  support  of  life,  because  the 
same  cells  retain  their  motility  for  four  hours  when  suspended  in 
physiological  salt  solution.  Death  is  due  to  a toxic  substance  which 
exists  in  the  sera  of  both  normal  and  treated  animals.  This  was 
shown  to  be  the  case  by  the  following  experiment : When  ram’s 
spermatozoa  were  mixed  with  the  serum  of  either  normal  rabbits  or 
immunized  rabbits  and  the  mixture  allowed  to  stand  for  one  hour  at 
37°  and  centrifuged,  the  supernatant  fluid  was  found  to  have  lost  its 
property  of  killing  spermatozoa.  A like  result  was  obtained  by 
heating  either  normal  serum  or  immune  serum  to  58°.  However, 
when  immune  serum  was  mixed  with  the  ram’s  spermatozoa  and  the 
mixture  placed  in  the  peritoneal  cavity  of  a normal  guinea-pig  it  was 
found  that  the  cells  were  more  speedily  killed  than  when  a like  ex- 
periment was  made  using  the  serum  of  a normal  rabbit.  Both  im- 
mune and  normal  sera  rendered  inactive  by  heat  were  regenerated 
when  placed  in  the  peritoneal  cavity  of  guinea-pigs,  but  after  being 
thus  regenerated,  the  immune  serum  acted  much  more  intensely  than 
the  normal  serum.  Both  immune  and  normal  sera  were  also  ob- 
served to  agglutinate  the  spermatozoa,  the  former  acting  much  more 
promptly  than  the  latter.  It  was  also  found  that  the  immune  serum 
agglutinated  the  spermatozoa  of  the  ram  after  these  cells  had  been 
deprived  of  life  by  being  kept  at  a temperature  of  58°  for  half  an 
hour,  while  normal  serum  did  not  have  this  effect.  The  serum  of 
the  rabbit  immunized  against  the  spermatozoa  of  the  ram  did  not 
agglutinate  the  spermatozoa  of  the  horse  or  bull  and  therefore  the 
reaction  may  be  called  a specific  one.  The  serum  of  a rabbit  im- 
munized against  the  spermatozoa  of  the  ram  was  found  to  have  a 
marked  hemolytic  effect  on  the  blood  corpuscles  of  the  latter  animal, 
while  it  had  no  such  effect  upon  the  erythrocytes  of  the  horse  or  ox. 
The  question  arose  as  to  whether  the  spermatocidal  and  the  hemo- 
lytic action  of  the  immune  serum  were  due  to  one  or  two  substances. 
In  attempting  to  answer  this  question,  it  was  found  that  when  a 
mixture  of  spermatozoa  and  erythrocytes  from  the  ram  was  added  to 
the  immune  serum  from  the  rabbit,  the  hemolytic  action  of  the  serum 
was  arrested.  In  another  experiment  it  was  ascertained  that  when 
the  immune  serum  was  treated  with  an  excess  of  spermatozoa  and 
the  mixture  allowed  to  stand  for  some  time  at  37°,  then  centrifuged, 
the  supernatant  fluid  had  no  hemolytic  action.  From  these  observa- 
tions it  was  concluded  that  the  spermatocidal  and  the  hemolytic  sub- 
stance in  the  immune  serum  is  one  and  the  same  substance,  and  that 
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it  has  greater  affinity  for  the  spermatozoon  than  it  has  for  the  blood 
corpuscle.  Furthermore,  it  was  observed  that  when  immune  serum 
obtained  from  a rabbit  treated  with  the  spermatozoa  of  the  ram  was 
mixed  with  the  spermatozoa  of  the  horse,  allowed  to  stand,  and  cen- 
trifuged, the  supernatant  fluid  still  manifested  its  hemolytic  effect  on 
the  erythrocytes  of  the  ram.  Moxter  closed  his  paper  with  the  fol- 
lowing statements : 

(1)  The  immune  body  kills  the  spermatozoa  within  the  animal 
organism,  but  is  inactive  outside.  There  is  no  dissolution  of  the 
spermatozoa.  (2)  The  immune  serum  possesses  a specific  hemolytic 
action  on  the  red  blood  corpuscles  of  the  ram  ; it  combines  with 
both  the  spermatozoa  and  the  erythrocytes,  but  with  the  former  with 
greater  avidity.  (3)  The  immune  serum  has  a marked  specific  ag- 
glutinating action  on  the  spermotozoa  of  the  ram.  (4)  The  erythro- 
cytes of  the  ram  are  also  agglutinated  by  the  immune  serum. 
This  action,  however,  can  be  observed  only  when  the  hemolytic  sub- 
stance has  been  rendered  inactive.  (5)  The  serum  of  a normal  rab- 
bit also  kills  the  spermatozoa  of  the  ram,  but  acts  less  rapidly  and 
less  energetically  than  immune  serum.  The  spermatocidal  constitu- 
ent of  normal  serum  is  identical  with  the  hemolytic. 

Metalnikoff1  has  made  an  important  contribution  to  our  knowl- 
edge not  only  of  spermotoxins,  but  of  cytotoxins  in  general.  In 
some  particulars  his  investigations  contradict  those  of  Moxter. 
The  following  is  a condensed  statement  of  his  results : If  a rabbit 

be  treated  with  a mixture  of  the  spermatozoa  and  the  defibrinated 
blood  of  a guinea-pig,  the  serum  of  the  former  animal  will  be  found 
to  be  possessed  of  marked  spermotoxic  and  hemolytic  action.  This 
serum  is  divided  into  two  portions,  numbers  1 and  2.  To  No.  1 
there  is  added  a large  quantity  of  red  corpuscles ; the  mixture  is 
allowed  to  stand  at  37°  for  two  hours  and  then  centrifuged.  The 
supernatant  fluid  does  not  dissolve  more  corpuscles  when  added  even 
after  the  addition  of  more  alexin  in  the  form  of  the  serum  of  a 
normal  guinea-pig.  This  shows  that  all  of  the  hemotoxic  sensitizer 
(intermediary  body)  is  fixed,  but  it  immobilizes  spermatozoa  as  read- 
ily as  it  did  before  it  was  saturated  with  red  globules.  This  shows 
that  the  spermotoxic  sensitizer  remains  intact  in  the  serum  and 
is  not  combined  with  the  red  corpuscles.  To  portion  No.  2 of 
the  serum  there  is  added  an  excess  of  spermatozoa  ; the  mixture 
is  allowed  to  stand  for  two  hours  at  37°  and  is  then  centri- 
fuged. The  supernatant  fluid  obtained  in  this  case  has  neither  sper- 
motoxic nor  hemolytic  action.  This  shows  that  the  spermatozoa  have 
combined  with  not  only  the  spermotoxic  sensitizer,  but  also  with 
the  hemotoxic.  While  the  red  corpuscles  fixed  only  the  hemotoxic 
sensitizer,  the  spermatozoa  fixed  both  sensitizers.  These  investiga- 
tions show  that  Moxter  fell  into  error  when  he  concluded  that  the 
1 Annates  de  C Inatitut  Pasteur , 1900. 
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hemolytic  and  spermotoxic  action  of  the  immune  serum  was  due  to 
one  and  the  same  substance. 

Both  Metschnikoff  and  Metalnikoff  have  obtained  spermotoxic 
sera  which  are  active  both  in  vitro  and  in  vivo , and  they  have  also 
prepared  auti-spermotoxins.  In  Metschnikoff’s  experiments  the 
spermotoxic  serum  of  a guinea-pig  was  injected  into  a rabbit  and 
from  the  latter  there  was  obtained  an  anti-spermotoxic  serum.  After 
three  injections,  the  serum  of  this  rabbit  neutralized  the  spermotoxic 
serum  of  the  guinea-pig  in  the  proportion  of  eight  to  one.  Metal- 
nikoff proceeded  in  an  inverse  way.  He  injected  the  spermotoxic 
serum  of  a rabbit  into  guinea-pigs,  both  subcutaneously  and  intra- 
peritoueally.  After  three  injections,  he  obtained  a feeble  anti-spermo- 
toxic serum,  from  twenty  to  twenty-five  volumes  of  which  neutralized 
one  volume  of  spermotoxic  serum.  He  continued  to  give  injections  of 
the  spermotoxic  serum  with  the  hope  of  obtaining  a more  active 
anti-spermotoxin,  but  instead  of  reenforcing  his  product  he  found 
that  finally  he  obtained  a serum  which  had  absolutely  no  antitoxic 
property.  He  could  explain  this  only  on  the  supposition  that  while 
his  spermotoxic  serum  contained  two  toxic  factors,  the  sensitizer  and 
the  alexin,  his  anti-spermotoxic  serum  contained  an  anti-body  for 
only  one  of  these  factors.  For  the  neutralization  of  the  sensitizer 
there  must  be  produced  an  anti-sensitizer,  while  for  the  neutraliza- 
tion of  the  alexin  an  anti-alexin  is  needed.  On  continuing  his  in- 
vestigations along  the  line  suggested  by  this  theory  he  ascertained 
that  his  anti-spermotoxic  serum,  which  had  been  obtained  from  ani- 
mals repeatedly  treated  with  the  spermotoxic  serum  and  which  had 
shown  no  antitoxic  action,  became  active  on  the  addition  of  fresh 
serum  from  a normal  guinea-pig ; for  instance,  one  drop  of  the 
spermotoxic  serum  plus  ten  drops  of  the  antitoxic  serum  heated  to 
56°  plus  three  drops  of  the  serum  of  a normal  guinea-pig  killed 
spermatozoa  within  ten  minutes ; while  one  drop  of  the  spermotoxic 
serum  plus  ten  drops  of  the  antitoxic  serum  heated  to  56°  plus  three 
drops  of  the  serum  of  a normal  guinea-pig  heated  to  56°,  did  not 
kill  spermatozoa.  This  shows  that  while  the  treatment  of  the  ani- 
mals with  spermotoxic  serum  produced  an  anti-sensitizer,  it  did  not 
produce  an  anti-alexin. 

Metalnikoff  has  shown  that  auto-spermotoxins  may  be  produced 
in  the  animal^  body.  If  a guinea-pig  be  treated  either  intraperito- 
neally  or  subcutaneously  with  the  spermatozoa  of  another  guinea- 
pig,  the  serum  of  the  treated  animal  is  toxic  for  the  spermatozoa  of 
both.  This  auto-toxicity  may  be  increased  by  repeating  the  injec- 
tions and  there  may  be  obtained  a serum  ten  drops  of  which  added 
to  one  drop  of  the  spermatic  fluid  of  either  animal  causes  complete 
immobilization  of  the  spermatozoa  within  from  three  to  four  minutes. 
This  autotoxin  conforms  to  the  general  laws  of  the  cytotoxins.  It 
loses  its  toxic  property  on  being  heated  to  55°  and  is  easily  regen- 
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erated  on  the  addition  of  the  serum  of  a normal  guinea-pig.  In  this 
connection  some  very  interesting  observations  are  recorded.  A 
guinea-pig  whose  blood  contains  a toxin  which  is  markedly  toxic  to 
its  own  spermatozoa  in  vitro,  has  spermatozoa  which  are  quite  as 
motile  as  those  of  a normal  animal  and  which  when  introduced  into 
physiological  salt  solution  live  for  a long  time ; however,  if  these 
spermatozoa  be  placed  in  the  serum  of  a normal  guinea-pig  they  die 
within  from  ten  to  twenty  minutes,  while  the  spermatozoids  of  a 
normal  guinea-pig  live  in  the  serum  of  another  normal  pig  for  many 
hours.  It  is  evident  from  these  observations  that  these  spermatozoa 
have  been  acted  upon  by  the  sensitizer  circulating  in  the  blood  of 
the  guinea-pig,  but  they  are  not  killed  by  the  autotoxin  of  the  animal 
because  the  blood  does  not  contain  a free  alexin,  this  factor  existing 
only  in  the  interior  of  the  leucocytes.  This  explains  why  autotoxins 
are  active  in  intro  but  inactive  in  vivo.  The  cellular  elements  are 
destroyed  in  the  serum  in  vitro  and  therefore  this  fluid  contains  both 
the  sensitizer  and  the  alexin  in  the  free  state  ; while  in  the  living 
organism  all  the  cellular  elements  are  intact,  and  the  alexins  are  held 
within  the  leucocytes,  the  sensitizer  only  circulating  in  the  blood  and 
fixing  itself  to  the  spermatozoa  in  the  living  animal.  This  view  is 
supported  by  the  following  observation  : If  one  injects  into  the  peri- 
toneal cavity  of  a guinea-pig,  whose  blood  is  autotoxic,  living  sper- 
matozoa suspended  in  physiological  salt  solution,  and  examines  the 
peritoneal  exudate  during  the  next  five  minutes,  it  will  be  seen  that 
immediately  after  the  injection  there  is  a rapid  phagolysis  and  that 
the  spermatozoa  do  not  die  until  the  leucocytes  break  down,  after 
which  they  are  almost  instantly  killed.  The  picture  is  wholly  dif- 
ferent, if  the  same  guinea-pig  be  treated  with  an  injection  of  physio- 
logical salt  solution  or  a small  quantity  of  leucotoxic  serum.  In 
this  case  the  phagolysis  is  very  insignificant  after  the  injection  of  the 
living  spermatozoids  into  the  cavity.  Phagocytosis  is  established 
very  rapidly  and  soon  the  spermatozoids  while  still  alive  are  seized 
upon  by  leucocytes.  Attempts  were  made  by  Metalnikoff  to  obtain 
an  anti-auto-spermotoxin  but  without  results. 

Metschnikoff1  has  succeeded,  by  inoculating  guinea-pigs  with 
emulsions  of  the  spleen  and  mesenteric  glands  of  rats,  in  obtaining 
from  the  former  a serum  which  agglutinates  and  dissolves  the  leu- 
cocytes of  the  latter.  The  active  agent  in  sera  thus  prepared  is 
known  as  a leucolysin.  Funck2has  produced  leucolytic  sera  by 
treating  guinea-pigs  with  emulsions  of  the  spleens  of  rabbits.  He 
began  by  injecting  half  a spleen  at  a time,  rubbed  up  in  physiological 
salt  solution.  After  from  eight  to  ten  days  the  injection  was  re- 
peated. From  the  animals  thus  treated  he  obtained  sera  which  dis- 
solved leucocytes  both  in  vitro  and  in  vivo.  The  alterations  brought 

' Annates  de  C Imtitut  Pasteur,  1899. 

* CentrcUblatt  f.  Baktcrioloyie,  27. 
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about  can  be  watched  under  the  microscope  in  stained  specimens. 
The  nuclei  gradually  lose  the  stain  and  undergo  alterations  in  con- 
tour and  apparently  in  location,  seeming  to  approach  the  edge  of  the 
leucocyte.  Finally  the  cell  becomes  more  and  more  transparent 
until  it  wholly  disappears.  Serum  obtained  by  immunizing  guinea- 
pigs  to  emulsions  of  rabbit  spleen  dissolved  the  mononuclear  and 
polynuclear  cells  with  equal  rapidity,  while  the  serum  obtained  by 
inoculating  guinea-pigs  with  bone  marrow  obtained  from  rabbits  af- 
fected most  markedly  the  polynuclear  leucocytes. 

The  marked  resemblance  between  bacterial  toxins  and  digestive 
ferments  has  long  been  recognized  and  as  early  as  1893  Hildebrandt 1 
immunized  animals  to  emulsin  and  diastase  and  demonstrated  the 
anti-fermentative  action  of  their  sera  both  in  vitro  and  in  vivo.  He 
injected  into  rabbits  solutions  of  diastase  and  showed  that  the  blood 
taken  from  these  animals  had  an  anti-ferment  action.  The  strength 
of  the  antitoxic  bodies  obtained  by  him  was  not  great  and  he  was 
able  to  secure  only  partial  neutralization  of  the  ferment  in  many  in- 
stances. He  rendered  a dog  immune  to  emulsin  by  frequent  sub- 
cutaneous injections  ; then  produced  in  this  animal  a phloridzin  dia- 
betes and  fed  the  animal  upon  meat  and  starches.  He  found 
that  there  was  no  marked  thirst  and  the  amount  of  urine  eliminated 
was  not  increased  above  the  normal  and  the  per  cent,  of  sugar  con- 
tained in  the  urine  was  small,  while  companion  animals  in  which 
diabetes  had  been  induced  in  the  same  manner  showed  great  thirst, 
eliminated  a large  amount  of  urine  and  excreted  large  quantities  of 
sugar.  V on  Dungern  2 produced  anti-enzymes  by  treating  animals 
with  bacterial  proteolytic  enzymes  and  demonstrated  the  action  of 
the  anti-body  in  tubes  of  gelatin.  Gheorghiewski 3 immunized 
animals  to  the  bacillus  pyocyaneus  and  found  that  the  serum  of  these 
animals  added  to  cultures  of  this  bacillus  prevented  the  formation 
of  the  blue  coloring  matter  characteristic  of  the  germ  and  the  for- 
mation of  which  is  dependent  upon  the  presence  of  pepton.  Mor- 
genroth 4 immunized  goats  against  rennet  and  obtained  in  the  serum 
of  these  animals  a fairly  active  anti-rennet  body.  The  specimen  of 
rennet  which  he  used  in  inducing  the  immunization  coagulated  milk 
when  added  to  it  in  the  proportion  of  1 : 3,000,000  ; the  strongest 
anti-body  that  he  could  obtain  when  added  to  milk  to  the  extent 
of  two  per  cent.,  prevented  the  action  of  rennet  when  added  in  the 
proportion  of  1 : 20,000,  while  1 : 15,000  still  induced  coagulation. 
From  his  studies  he  concludes  that  rennet  resembles  the  bacterial 
toxins  and  possesses  a haptophoi’ous  and  a zymophorous  group,  to  the 
latter  of  which  the  specific  action  of  the  ferment  is  due,  and  it  is 

1 Virchow’s  Archiv,  131. 

2 Miinchener  med.  Wochenschrift,  1898,  1040. 

3 A nnales  de  l’  Institut  Pasteur,  1899. 

* Centralblatt  f.  Bakteriologie,  26. 
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against  this  group  that  the  anti-body  manifests  its  action.  He  also 
showed  that  the  milk  of  the  immunized  goat  contains  the  anti -body 
and  does  not  coagulate  on  the  addition  of  rennet  in  quantities  which 
are  sufficient  to  coagulate  the  milk  of  normal  animals.  Buchner  1 
thinks  that  the  alexin  (the  complement,  according  to  Ehrlich’s 
theory)  is  a ferment  and  that  it  is  one  and  the  same  body  in  the 
blood  of  all  species  of  animals.  The  intermediary  body  (according 
to  Ehrlich’s  theory)  is  the  only  substance  against  which  immunity 
can  be  obtained.  This  Buchner  believes  to  be  specific. 


1 Munchener  med.  Wochenschrift,  1900. 


CHAPTER  VIII. 

THE  AGGLUTININS. 


In  1889  Charrin  and  Roger1  in  studying  the  action  of  the  serum 
of  sick  and  immunized  animals  on  homologous  bacteria,  observed 
that  the  bacillus  pyocyaneus  behaved  peculiarly  when  placed  in  the 
serum  of  an  animal  which  had  been  immunized  to  this  organism. 
In  the  serum  of  a normal  rabbit,  this  germ  was  found  to  grow  as  it 
does  in  beef  tea,  or  other  liquid  nutritive  medium,  forming  an 
opaque  culture,  while  in  the  serum  of  an  immunized  rabbit  these 
microbes  were  found  to  form  small  floating  floccules  which  soon  sub- 
sided, leaving  a clear,  supernatant  fluid.  It  was  furthermore  ob- 
served that  the  germ  grown  in  its  homologous  serum  does  not  pro- 
duce pyocyanin,  while  in  the  serum  of  normal  animals  this  coloring 
matter  is  formed  by  the  growth  of  the  bacillus.  The  sera  of  ani- 
mals sick  from  inoculation  with  the  bacillus  pyocyaneus,  and  of 
those  immunized  against  this  germ,  were  observed  to  have  the  same 
effect  on  its  growth.  This  early  observation  indicated,  as  has  been 
subsequently  more  clearly  shown,  that  the  phenomenon  of  aggluti- 
nation is  a reaction  of  infection  as  well  as  of  immunization. 

In  his  studies  on  immunity,  Metchnikoff,2  found  that  the  vibrio 
which  bears  his  own  name  behaves  in  a manner  similar  to  that  ob- 
served by  Charrin  and  Roger  with  the  bacillus  pyocyaneus.  On 
this  point  Metschnikoff  makes  the  following  statement : “ In  the 

blood  and  serum  of  non-vaccinated  guinea-pigs  the  vibrio  develops 
as  it  does  in  ordinary  liquid  media,  the  individual  organisms  retain- 
ing their  motility  and  remaining  distinct  one  from  the  other.  On 
the  other  hand  in  the  blood  and  serum  of  vaccinated  animals  the 
vibrios  become  immobile,  and  form  smaller  or  larger  floccules  which 
float  in  the  liquid.” 

In  1893  Issaeff3  observed  a like  phenomenon  when  the  pneumo- 
coccus was  placed  in  its  homologous  serum,  and  this  observation  was 
repeated  later  in  the  studies  on  immunity  prosecuted  by  the  same 
author  in  conjunction  with  Ivanoff.4  In  the  last-mentioned  com- 
munication there  is  found  the  following  statement : “ In  the  blood 
serum  of  healthy,  non-immunized  guinea-pigs  the  vibrio  develops 
rapidly,  and  after  from  four  to  five  hours  at  37°  there  is  a uniform 

1 Comptes  Rendus  de  P Academic  des  Sciences,  109. 

1 Annates  de  P Institut.  Pasteur,  5,  1891. 

sAnnales  de  P Institut  Pasteur,  7. 

4 Zeitschrift  fur  Hygiene,  17. 
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cloudiness  throughout  the  fluid,  while  the  surface  is  covered  by  a 
scum ; but  in  immune  serum  the  microbes  sink  to  the  bottom  of  the 
tube,  while  the  supernatant  fluid  remains  clear.  This  condition  con- 
tinues for  from  eight  to  nine  days,  and  it  is  not  until  the  tenth  day 
that  the  culture  becomes  cloudy  and  a scum  appears  on  the  surface.” 
While  the  above-mentioned  observations  were  made  as  herewith 
stated,  they  attracted  no  special  attention,  and  in  all  probability 
their  significance  was  not  appreciated  by  the  observers  themselves, 
and  our  knowledge  of  the  phenomenon  of  agglutination  may  be  said 
to  have  originated  in  the  classical  research  of  Gruber  and  Durham,1 
which  was  reported  in  1896.  These  investigators  found  that  when 
a suspension  of  an  agar  culture  of  the  cholera  or  typhoid  bacillus  is 
mixed  with  its  homologous  serum,  the  bacteria  lose  their  motility  and 
form  large  clumps  or  masses.  They  attributed  this  phenomenon  to 
the  presence  of  specific  substances  in  the  serum,  for  which  they  pro- 
posed the  term  agglutinins,  and  suggested  that  the  phenomenon 
might  be  designated  that  of  agglutination.  Their  researches  showed 
that  this  reaction  is  specific,  within  certain  limitations : For  instance, 
a cholera  serum  has  no  agglutinating  effect  upon  the  vibrio  of  Fink- 
ler,  that  of  Metschnikoff  or  that  of  Rumpel,  and  typhoid  serum  is 
without  action  upon  any  of  the  colon  germs,  but  a cholera  serum 
does  agglutinate,  v.  Ivanoff,  v.  Berolinensis  and  v.  Seine-Versailles. 
In  all  instances  in  which  cholera  serum  was  found  to  have  an  agglu- 
tinating action,  it  was  also  found  to  protect  animals  against  inocula- 
tion with  the  germ,  and  these  two  properties  vary  in  the  same  pro- 
portion, that  is,  the  greater  the  agglutinating  action  the  greater  is 
the  protective  power  against  the  same  germ.  Typhoid  serum  was 
found  to  agglutinate  typhoid-like  bacilli,  which  were  positively 
known  not  to  be  real  typhoid  germs.  For  instance,  bacillus  enter- 
itidis  is  agglutinated  in  a typical  manner  by  a highly  active  typhoid 
serum.  However,  there  is  easily  observable  a quantitative  difference 
in  the  agglutinating  action  of  both  cholera  and  typhoid  sera  upon 
other  than  their  homologous  bacteria.  Moreover,  the  agglutinating 
action  of  typhoid  serum  is  apparently  more  strictly  specific  than  is 
that  of  cholera  serum,  but  in  making  a practical  test  with  either,  as 
we  shall  see  later,  dilution  of  the  serum  is  necessary  in  order  to 
avoid  error.  Gruber  and  Durham  also  pointed  out  the  fact  that 
normal  sera  may  have  a more  or  less  marked  agglutinating  action 
upon  both  the  vibrio  of  Asiatic  cholera  and  the  bacillus  of  typhoid 
fever,  and  they  stated  that  in  order  to  use  this  reaction  for  the  pur- 
pose of  identifying  bacteria  it  would  be  found  to  be  necessary  to  dilute 
the  serum  employed.  It  seems  to  have  been  in  the  mind  of  these  in- 
vestigators at  the  time  of  the  publication  of  their  first  paper  that  the 
reaction  described  by  them  would  find  its  practical  application  in  the 
detection  and  the  definite  recognition  of  specific  microorganisms 

1 Munchener  med.  Wochenschrift,  43. 
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rather  than  in  the  diagnosis  of  disease.  They  recommended  that 
large  guinea-pigs  should  be  immunized  by  intraperitoneal  injections 
of  dead  cultures,  continued  for  from  four  to  six  weeks,  until  a high 
degree  of  immunization  should  be  secured,  and  that  the  peritoneal 
lymph  or  blood  serum  of  these  animals  might  be  used  to  determine 
with  certainty  whether  or  not  a suspected  microorganism  was  the 
vibrio  of  Asiatic  cholera  or  the  bacillus  of  typhoid  fever.  They 
stated  that  if  with  such  a serum  from  an  animal  immunized  with  the 
cholera  germ  agglutination  does  not  occur  promptly  and  completely, 
it  can  be  said  with  certainty  that  the  germ  under  suspicion  is  not 
the  vibrio  of  cholera,  and  the  same  test  can  be  applied  with  equal 
certainty  in  the  detection  of  the  typhoid  bacillus.  On  the  other 
hand,  if  the  reaction  is  positive,  the  identity  of  the  microorganism 
must  still  remain  in  doubt.  We  have  carefully  read  the  original 
paper  of  Gruber  and  Durham,  and  we  fail  to  find  therein  any  reason 
for  believing  that  these  investigators  at  that  time  had  any  idea  that 
the  phenomenon  which  they  were  investigating  was  soon  to  become 
one  of  the  most  certain  and  easily  applicable  methods  for  the  diag- 
nosis of  typhoid  fever.  It  is  true  that  they  speak  of  the  serum  test 
as  a diagnostic  measure,  but  from  the  context  it  appears  that  by  the 
term  diagnosis  they  mean  the  specific  and  positive  identification  of  a 
suspected  bacterium. 

A few  months  after  the  publication  of  the  last-mentioned  contri- 
bution, Widal 1 reported  the  successful  application  of  the  phenomenon 
of  agglutination  in  the  diagnosis  of  typhoid  fever,  and  among  clini- 
cians it  is  generally  known  as  the  “Widal  reaction.” 

Our  scientific  information  concerning  the  agglutinins  has  been  ob- 
tained principally  from  the  researches  of  Widal  and  Sicard,2  Nicolle,3 
and  Winterberg.4 

It  is  quite  evident  that  in  such  a reaction  as  that  observed  in  ag- 
glutination there  must  be  two  factors.  One  of  these,  which  we  may 
designate  the  agglutinin,  is  found  in  the  serum  ; while  the  other, 
which  may  be  denominated  the  agglutinable  substance,  is  furnished 
by  the  bacterial  culture.  The  product  which  results  from  the  reac- 
tion between  these  bodies  may  be  designated  the  agglutinate.  We 
will  first  give  our  attention  to  the  agglutinins.  The  normal  serum 
of  certain  animals  is  capable  of  manifesting  a slight  agglutinating 
action  upon  certain  bacteria,  notably  the  colon  bacillus  and  the  ba- 
cillus of  Eberth.  The  normal  serum  of  the  horse,  donkey,  dog,  and 
rabbit,  when  added  to  cultures  of  the  Eberth  bacillus  without  dilu- 
tion causes  agglutination.  Indeed,  the  serum  of  these  animals  may 
agglutinate  the  typhoid  bacillus  when  diluted  1 to  30.  The  nor- 
mal serum  of  the  guinea-pig  has  no  agglutinative  action  on  this  or- 

1 Sociiti  Medicale  des  Hospitaux,  June  26,  1896. 

2 Annales  de  V Institut  Pasteur,  11. 

s Annales  de  l’  Institut  Pasteur,  8. 

4 Zeits.  fiir  Hygiene,  32. 
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ganisra.  The  serum  of  men  who  have  never  had  typhoid  fever 
may,  when  the  dilution  is  not  greater  than  one  to  ten,  agglutinate 
the  Eberth  bacillus,  and  it  should  be  remarked  that  the  manifesta- 
tion of  this  property  by  the  sera  of  different  individuals  varies 
within  wide  limits.  It  is  still  a question  whether  the  agglutinating 
action  manifested  in  the  serum  of  immunized  animals,  or  that  of 
persons  sick  with  typhoid  fever,  is  due  to  an  exaggeration  of  a nor- 
mal property,  or  is  caused  by  the  presence  of  a new  substance. 

The  period  in  the  course  of  typhoid  fever  when  marked  aggluti- 
nation is  first  manifested  by  the  serum  varies  widely  in  different 
cases.  As  a rule,  agglutination  in  a well-marked  form  is  not  ob- 
tained until  after  the  seventh  day,  but  there  are  cases  on  record  in 
which  it  has  been  obtained  as  early  as  the  second  day,  and  there  are 
others  in  which  it  has  been  delayed  until  the  second,  third,  and  even 
fourth  week.  Likewise  the  disappearance  of  the  specific  agglu- 
tinating property  from  the  serum  after  recovery  from  typhoid  fever 
is  very  variable  in  time.  The  reaction  has  been  known  to  fail  ten 
days  after  the  establishment  of  apyrexia,  while  in  other  instances 
marked  agglutination  has  been  secured  many  years  after  recovery 
from  typhoid  fever.  The  intensity  of  the  reaction  varies  widely, 
and  is  not  always  in  proportion  to  the  severity  of  the  disease. 
Many  methods  of  measuring  the  agglutinative  power  of  sera  have 
been  proposed.  One  recommended  by  Widal  and  Sicard  we  have 
found  to  be  satisfactory.  A number  of  tubes  containing  each  one, 
two,  three,  four,  five,  etc.,  c.c.  of  bouillon  are  kept  on  hand.  When 
a test  is  to  be  made,  one  adds  a drop  of  the  serum  to  each  of  these 
tubes  and  then  inoculates  the  tube  with  a typhoid  culture.  The 
tubes  thus  prepared  are  placed  in  the  incubator  and  kept  at  37°  for 
from  four  to  six  hours.  At  the  expiration  of  this  time  it  may  be 
seen  at  a glance  in  which  tubes  agglutination  has  occurred,  inasmuch 
as  the  contents  of  these  tubes  will  be  unclouded  and  the  bacilli  will 
be  found  deposited  on  the  bottom.  If  this  reaction  does  not  take 
place  in  tube  number  one,  which  represents  a dilution  of  1 to  20, 
the  test  is  considered  as  wholly  negative.  If  number  three  contains 
clumps,  while  number  four  is  uniformly  clouded,  the  serum  is  active 
in  the  proportion  of  one  to  sixty  and  inactive  in  the  proportion  of 
one  to  eighty.  An  absolute  determination  of  the  agglutinating 
property  of  a given  serum  is  probably  not  within  the  range  of  pos- 
sibility, and  we  indicate  the  relative  activity  of  different  sera  by  the 
dilutions  in  which  the  reactions  are  observable.  The  number  of 
germs  present  certainly  has  some  influence,  and  it  is  a well-known 
fact  that  the  age  of  the  culture  is  of  importance  in  making  this  test. 
In  young  cultures  the  bacilli  are  more  motile,  and  there  is  less  tend- 
ency to  manifest  the  phenomenon  of  pseudo-agglutination. 

Agglutinins  exist  not  only  in  the  blood,  but  in  other  fluids  of  the 
body.  The  manifestation  of  agglutinating  power  by  the  urine  is  in 
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the  same  individual  variable  from  day  to  day  and  even  from  hour  to 
hour,  and  so  far  we  have  no  satisfactory  explanation  of  this  varia- 
tion. Compared  with  the  agglutinating  property  of  the  blood,  that 
of  the  urine  is  always  feeble.  This,  together  with  its  variability, 
renders  the  use  of  this  secretion  in  place  of  blood  serum  impractic- 
able. Serum  obtained  by  vesication  often  shows  marked  agglutinat- 
ing power.  In  the  few  cases  in  which  the  test  has  been  made,  bile 
manifests  this  reaction  in  a fairly  well  marked  manner.  Often  the 
reaction  may  be  easily  and  plainly  obtained  with  tears.  However, 
this  secretion  is  subject  to  marked  variation  in  its  agglutinating 
power,  and  it  has  been  found  that  tears  obtained  by  artificial  stimu- 
lation are  generally  devoid  of  this  property.  In  immunizing  animals 
it  has  been  found  that  pus  obtained  from  abscesses  due  to  the  bacillus 
of  Eberth  may  show  a high  degree  of  agglutinative  power.  Agglu- 
tinins may  pass  from  the  mother  to  the  fetus  and  may  be  transferred 
from  the  mother  to  the  child  in  the  milk.  The  agglutinins  seem  to 
be  fairly  stable  bodies,  and  some  of  them  may  be  heated  to  140° 
without  destruction,  but  that  of  the  typhoid  bacillus  is  destroyed  at  a 
temperature  of  115°.  Antiseptics,  so  far  as  they  have  been  tested 
seem  to  be  without  effect  upon  the  agglutinins.  Typhoid  serum 
may  be  treated  with  formalin  and  kept  quite  indefinitely  without  loss 
of  its  agglutinating  property.  However,  the  use  of  antiseptics  is  not 
necessary  in  order  to  have  a serum  retain  its  agglutinating  action. 
A typhoid  serum  may  be  used  as  a culture  medium  for  the  germs  of 
cholera,  anthrax,  diphtheria,  or  of  the  ordinary  putrefactive  bacteria 
without  diminution  of  its  agglutinating  property.  Indeed,  a highly 
active  serum  will  retain  its  agglutinative  action  after  it  has  been 
made  putrid  by  bacterial  growth.  Dilute  mineral  acids  decrease  the 
agglutinating  property  of  typhoid  sera,  but  when  the  acid  has  been 
added  in  very  dilute  form  and  has  not  remained  long  in  contact  with 
the  serum,  partial  restoration  may  be  induced  by  neutralization  with 
alkali.  Acetic  acid  has  a like,  but  less  marked  effect.  Caustic 
alkalis  have  an  action  similar  to  that  manifested  by  acids.  Appar- 
ently the  agglutinins  are  not  altered  by  any  of  the  digestive  ferments. 
Indeed,  pepsin  seems  to  protect  agglutinins  to  some  extent  against 
the  effects  of  dilute  hydrochloric  acid,  and  trypsin  has  a similar  pro- 
tective action  against  dilute  alkalis. 

Filtration  of  blood  serum  through  porcelain  removes  the  agglu- 
tinins, inasmuch  as  it  has  been  demonstrated  that  the  filtrate  has  lost 
largely  or  altogether  the  agglutinating  property.  Saturation  of 
typhoid  serum  with  magnesium  sulphate  leads  to  precipitation  of 
the  greater  part  or  all  of  the  agglutinin.  If  the  precipitate  be  dis- 
solved in  water  it  will  be  found  that  the  agglutinin  has  not  been 
destroyed  by  the  action  of  this  reagent.  Half  saturation  with 
ammonium  sulphate  precipitates  practically  all  of  the  agglutinin  ; 
and  complete  saturation  with  chlorid  of  sodium  has  a like  effect.  It 
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may  be  inferred  from  these  reactions  that  agglutinin  is  one  of  the 
globulins  or  albumins  existing  in  the  blood.  However,  this  conclu- 
sion does  not  necessarily  follow.  It  is  altogether  within  the  range 
of  possibility  that  the  agglutinin  is  carried  down  mechanically,  as 
happens  to  certain  ferments  and  toxins  when  albuminous  solutions 
are  treated  with  neutral  salts.  The  fact  that  the  agglutinating  action 
has  been  secured  with  urine  in  which  no  albumin  or  globulin  could 
be  detected,  has  led  some  to  believe  that  the  agglutinins  belong  to 
neither  of  these  bodies.  This  conclusion  also  is  unjustifiable. 
Because  we  cannot  detect  a globulin  or  an  albumin  in  the  urine  is 
no  positive  proof  that  one  or  both  of  these  substances  may  not  be 
present.  It  simply  means  that  neither  is  present  in  sufficient  quan- 
tity to  respond  to  the  test  employed.  It  must  follow  therefore  that 
we  are  not  yet  in  a position  to  determine  whether  or  not  the  agglu- 
tinins belong  to  the  proteid  constituents  of  blood  serum. 

A highly  active  serum  after  having  been  diluted  with  water  until 
no  test  for  proteids  in  it  can  be  obtained  may  still  manifest  its  ag- 
glutinating action,  while,  on  the  other  hand,  a serum  possessed  of 
but  little  activity  loses  its  agglutinating  property  on  dilution  long 
before  positive  tests  for  the  presence  of  proteids  fail. 

Precipitation  of  typhoid  serum  with  absolute  alcohol  destroys  the 
agglutinin.  This  is  probably  due  to  the  dehydrating  action  of  alco- 
hol, because  if  as  soon  as  the  precipitate  is  formed  it  be  collected  on 
a filter,  and  the  alcohol  allowed  to  drain  away  and  the  precipitate  ex- 
tracted with  physiological  salt  solution,  this  extract  will  be  found  to 
be  possessed  of  a certain  amount  of  agglutinating  power,  while,  on 
the  other  hand,  if  the  precipitate  be  allowed  to  remain  for  some 
hours  under  the  alcohol,  the  agglutinin  is  wholly  destroyed. 

The  agglutinating  action  of  a blood  plasma  obtained  by  the  addi- 
tion of  oxalate  of  potassium  to  the  blood  is  more  marked  than  that 
of  the  serum  of  the  same  blood.  It  follows  from  this  that  the  ag- 
glutinin must  be  in  part  retained  in  the  blood  clot.  Indeed,  this 
can  be  positively  demonstrated  by  testing  the  agglutinating  action  of 
an  extract  of  the  clot  made  with  physiological  salt  solution.  Widal 
and  Sicard  have  shown  quite  positively  that  the  white  blood  corpus- 
cles, outside  of  the  body  at  least,  do  not  furnish  the  agglutinins.  The 
experiment  by  means  of  which  this  demonstration  was  accomplished 
may  be  briefly  described  as  follows : A sterilized  collodion  tube  was 
filled  with  typhoid  blood,  to  which  oxalate  of  potassium  had  been 
added,  and  allowed  to  stand.  The  red  corpuscles  soon  formed  a de- 
posit at  the  bottom  of  the  tube,  and  these  were  covered  by  a thin  coat 
of  white  corpuscles,  and  above  these  stood  the  plasma.  The  plasma 
was  removed  with  a pipette  as  thoroughly  as  possible  without  taking 
up  any  of  the  leucocytes.  Next  the  tube  was  constricted  by  a string 
tied  around  it  on  a line  between  the  layers  of  white  and  red  corpus- 
cles. After  these  portions  had  stood  for  twenty-four  hours  the  rela- 
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tive  agglutinating  property  of  each  was  tested,  and  it  was  found  that 
the  plasma  containing  the  white  corpuscles  had  no  greater  action 
than  did  that  which  was  devoid  of  these  elements.  Of  course,  this 
experiment  does  not  indicate  that  the  leucocytes  have  nothing  to  do 
with  the  formation  of  agglutinins  in  the  living  body.  However, 
that  the  agglutinins  are  in  solution  in  the  circulating  blood  is  shown 
by  their  appearance  in  certain  secretions  and  exudates. 

Nicolle  reported  that  the  agglutinable  substance  is  soluble  in  ab- 
solute alcohol  and  ether.  If  this  statement  had  been  confirmed,  the 
separation  of  this  body  from  the  proteids  would  be  comparatively 
easy,  but  the  researches  of  Winterberg  demonstrate  that  Nicolle  had 
fallen  into  error  on  this  point.  The  last-mentioned  investigator 
made  the  following  experiment  bearing  on  the  question  : A culture  of 
the  typhoid  bacillus  in  bouillon,  which  had  grown  for  seventy  days 
at  37°  and  which  contained  a large  number  of  germs,  was  treated 
with  ten  times  its  volume  of  absolute  alcohol.  The  precipitate  was 
extracted  first  with  absolute  alcohol  and  then  with  ether,  each  of 
which  was  decanted  after  twenty-four  hours.  Both  of  these  ex- 
tracts were  mixed  with  the  alcoholic  filtrate  obtained  after  precipita- 
tion, and  the  whole  evaporated  to  dryness  in  vacuo  at  30°.  The  resi- 
due was  taken  up  with  feebly  alkaline  bouillon  and  this  solution 
again  precipitated  with  ten  times  its  volume  of  absolute  alcohol,  and 
the  filtrate  evaporated  as  before.  The  residue  last  obtained  was 
taken  up  with  bouillon,  filtered  through  porcelain,  and  the  solution 
failed  to  manifest  any  reaction  when  mixed  with  a highly  active 
typhoid  serum.  Winterberg  furthermore  showed  that  typhoid  ag- 
glutinin is  produced  in  animals  which  have  been  treated  with  alco- 
holic precipitates  obtained  from  both  filtered  and  unfiltered  typhoid 
cultures. 

The  fact  that  typhoid  cultures,  the  germs  of  which  have  been  de- 
stroyed by  the  use  of  disinfectants  or  the  application  of  heat,  still 
agglutinate  homologous  sera  demonstrates  that  the  agglutinable  sub- 
stance contained  in  these  cultures  is  not  destroyed  when  the  organ- 
isms are  deprived  of  life.  Widal  and  Sicard  found  that  typhoid 
bouillon  cultures  exposed  for  half  an  hour  to  a temperature  of  from 
70°  to  100°  still  react  when  brought  in  contact  with  a highly  potent 
serum,  but  that  the  reaction  in  this  case  is  not  so  marked  as  that  ob- 
served in  living  cultures.  The  clumps  form  more  slowly  and  are 
less  voluminous.  When  a typhoid  culture  was  heated  for  half  an 
hour  from  57°  to  60°  and  then  brought  in  contact  with  an  active 
serum  the  reaction  was  found  to  be  apparently  identical  with  that 
obtained  with  living  cultures.  It  is  evident  from  these  experiments 
that  the  agglutinable  substance  is  not  destroyed  by  the  temperatures 
above  mentioned,  and  that  it  is  present  in  dead  as  well  as  in  living 
cultures. 

Widal  and  Sicard  showed  that  the  dried  blood  of  typhoid  patients 
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can  be  used  in  making  the  agglutination  test.  They  impregnated 
small  bits  of  sponge  with  four  or  five  drops  of  the  blood,  allowed  to 
dry,  and  subsequently  macerated  the  pieces  for  half  an  hour  in  from 
ten  to  fifteen  drops  of  bouillon.  The  addition  of  this  extract  to 
bouillon  cultures  of  the  Eberth  bacillus  induced  typical  agglutination. 

Johnston1  first  demonstrated  that  a drop  of  blood  allowed  to  dry 
upon  non-absorbent  paper  may  be  transported  through  any  distance 
and  kept  indefinitely  and  still  be  capable,  after  being  moistened  with 
water,  of  giving  the  agglutination  test.  In  this  way  this  method  of 
making  a diagnosis  of  typhoid  fever  has  been  popularized  and  placed 
practically  within  the  reach  of  every  physician.  It  is  safe  to  say 
that  at  present  more  than  90  per  cent,  of  the  agglutination  tests  made 
are  applied  to  dried  blood  stains.  The  only  objection  to  this  method 
is  that  exactness  in  dilution  can  not  be  secured,  and  much  must  de- 
pend upon  the  judgment  and  experience  of  the  individual  making  the 
test.  However,  for  clinical  purposes,  dried  blood  gives,  in  a large 
per  cent,  of  cases,  evidence  which  is  of  positive  value.  Usually  the 
blood  stain  is  rubbed  up  with  either  sterilized  water  or  physiological 
salt  solution,  and  this  is  added  to  a bouillon  culture  of  the  typhoid 
bacillus  twenty-four  hours  old.  A hanging  drop  of  this  mixture  is 
prepared  and  examined  under  the  microscope.  The  extent  to  which 
the  blood  or  serum  should  be  diluted  is  still  a matter  about  which 
there  is  a difference  of  opinion.  The  general  rule  is  that  the  dilu- 
tion should  not  be  less  than  1 to  20  and  that  agglutination  in  this 
dilution  should  occur  within  thirty  minutes.  Howrever,  in  order 
to  be  quite  sure  concerning  the  result,  the  dilution  should  not  be  less 
than  1 to  60,  and  if  agglutination  occurs  in  this  dilution  within  thirty 
minutes,  the  evidence  that  the  blood  has  come  from  an  individual 
with  typhoid  fever  is  quite  positive.  With  dilutions  of  1 to  30  or 
less,  agglutination  is  frequently  obtained  with  normal  serum,  and 
more  frequently  given  in  certain  diseases  such  as  tuberculosis,  pneu- 
monia, septicemia,  and  influenza.  AVrhen  agglutination  does  not 
occur  in  the  dilution  of  1 to  60,  but  is  observed  in  the  dilution  of  1 
to  30  the  weight  of  evidence  is  in  favor  of  the  existence  of  typhoid 
fever,  but  the  proof  cannot  be  considered  as  positive.  In  this,  as  in 
the  application  of  many  other  clinical  tests,  much  depends  upon  the 
skill,  experience  and  good  judgment  of  the  observer.  It  appears 
that  about  96  per  cent,  of  the  cases  of  typhoid  fever  furnish  some 
time  during  the  course  of  the  disease  a serum  which  will  give  this 
reaction.  It  will  be  seen  from  this  that  failure  to  secure  the  agglu- 
tination test  is  not  absolute  proof  of  the  non-existence  of  typhoid 
fever.  Experience  has  shown  that  attenuated  cultures  are  better 
suited  for  the  agglutination  test  than  more  virulent  ones.  However, 
the  evidence  on  this  point  is  by  no  means  unanimous,  and  an  explana- 
tion is  not  easily  given.  Young  cultures  are  better  than  older  ones, 

1 New  York  Med.  Journal,  44,  1 896. 
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because  motility  of  the  individual  organisms  is  greater  in  the  former, 
and  besides  the  old  cultures  may  contain  clumps  consisting  partly  of 
dead  and  disintegrated  bacterial  cells,  which  may  be  mistaken  for 
typical  agglutination.  A like  source  of  error  is  met  with  when  the 
drop  to  be  examined  is  allowed  to  partially  dry  on  the  cover-glass. 
These  appearances,  which  may  be  mistaken,  especially  by  the  inex- 
perienced, for  true  agglutination,  have  been  designated  pseudo-re- 
actions. There  is  also  the  possibility,  especially  when  dried  blood  is 
used,  of  mistaking  undissolved  clumps  of  red  cells  containing  threads 
of  fibrin  for  the  true  clumping  of  bacilli. 

When  exact  scientific  work  is  to  be  done  it  is  better  to  have  the 
blood  drawn  directly  from  a prick  on  the  finger  or  ear  into  a gradu- 
ated pipette  in  which  the  dilution  can  be  made  with  exactness. 
There  are  special  tubes  made  for  this  purpose,  and  the  pipette  which 
accompanies  the  ordinary  hematocytometer  may  be  used.  In  hos- 
pital practice,  and  especially  when  a large  amount  of  serum  is  de- 
sired, a small  Spanish  fly  blister  may  be  used,  and  if  properly  cared 
for  need  cause  no  pain.  As  has  been  already  stated,  cultures  killed 
by  heat  or  those  preserved  by  the  addition  of  formalin,  thymol,  or 
some  other  disinfectant  may  be  used,  but  these  are  more  or  less  un- 
satisfactory, inasmuch  as  the  observer  loses  the  opportunity  of 
watching  the  gradual  decrease  of  motility. 

As  has  been  stated,  Gruber  and  Durham  probably  expected  that 
the  greatest  benefit  likely  to  come  from  their  studies  would  lie  in 
the  fact  that  this  reaction  would  furnish  a positive  means  of  differ- 
entiating one  species  of  bacteria  from  another.  It  is  especially  de- 
sirable that  we  should  have  some  positive  and  easily  applicable 
method  of  distinguishing  between  the  colon  and  typhoid  bacilli,  and 
it  was  thought  that  the  agglutination  test  supplies  this  long-felt  want. 
However,  more  extended  observation  has  shown  that  typhoid  serum 
occasionally  agglutinates  the  colon  bacillus,  and  very  rarely  the 
agglutination  with  this  organism  may  be  more  marked  than  it  is 
with  the  typhoid  germ.  It  may  be  that  in  cases  of  this  kind  the 
typhoid  patient  is  suffering  from  a mixed  infection  in  which  both 
the  colon  and  the  typhoid  bacilli  participate.  When  the  agglutina- 
tion test  is  used  for  the  purpose  of  identifying  a bacterium  the  serum 
used  should  be  taken  from  an  animal  immunized  to  a pure  culture  of 
that  microorganism,  and  reliance  for  the  differentiation  of  typhoid 
and  colon  bacilli  should  not  be  placed  in  sera  obtained  from  men 
with  typhoid  fever. 

It  must  be  plainly  evident  from  what  has  already  been  said  that 
the  agglutination  test  has  not  that  specificity  which  is  possessed  by 
the  lysins  and  precipitins.  This  was  plainly  seen  by  Gruber  and 
Durham  in  their  original  communication,  and  it  has  been  in- 
sisted upon  by  Durham  in  a later  paper,  in  which  he  suggests  that 
it  would  be  better  to  employ  the  word  “special.” 
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There  have  been  proposed  several  hypotheses  concerning  the  phe- 
nomenon of  agglutination.  Gruber  suggested  that  there  must  be 
something  in  the  immune  serum  which  profoundly  alters  its  homolo- 
gous bacterium.  This  alteration  consists,  in  part  at  least,  in  in- 
creased viscosity  of  the  cell  membrane  of  the  bacterium.  The  pro- 
duction of  the  adhesive  substance  is  supposed  to  be  the  chief  factor 
in  the  agglutination  or  clumping  of  the  bacterial  cells.  When  two 
or  more  germs  are  brought  together,  either  by  active  or  passive  move- 
ment, they  adhere  one  to  the  other,  lose  their  individual  motility  and 
form  small  masses  which  gradually  subside  in  the  culture  medium. 
According  to  Nicolle,  the  agglutinin,  which  is  furnished  by  the  serum, 
precipitates  the  agglutinable  substance,  which  is  formed  within  the 
bacterial  cell,  from  which  it  diffuses  through  the  culture  medium  to 
a greater  or  less  extent.  The  agglutinable  substance  is  supposed  to 
be  most  abundant  in  the  cell  membrane,  and  by  the  union  of  the  ag- 
glutinin and  the  agglutinable  substance  small  coagula  are  formed  and 
surround  the  bacterial  cells.  The  theory  proposed  by  Paltauf  varies 
but  slightly  from  that  suggested  by  Nicolle.  However,  the  former 
supposes  that  the  combination  between  the  agglutinin  and  the  agglu- 
tinable substance  occurs  wholly  outside  of  the  bacterial  cells  and  that 
the  microorganisms  are  involved  in  the  floccules  mechanically  only. 
The  hypothesis  of  Dineur  varies  from  that  originally  proposed  by 
Gruber  only  by  transferring  the  formation  of  the  adhesive  matter 
from  the  bacterial  cell  walls  to  the  cilia.  Diminished  motility  and 
subsequent  agglutination  are  explained  on  the  supposition  that  the 
cilia  are  so  altered  that  they  secrete  an  adhesive  substance.  In  1896  I 
Bordet  suggested  a hypothesis  in  which  he  attempted  to  explain  the 
phenomenon  of  agglutination  wholly  upon  physical  grounds.  He 
suggested  that  in  homologous  sera  there  is  present  a substance  or 
substances  which  change  the  relative  molecular  attraction  between 
the  microbes  and  the  ambient  fluid.  Later  Bordet  developed  this 
theory  as  we  have  already  indicated  in  our  discussion  of  the  lysins. 
In  accordance  with  the  general  trend  of  French  thought  along  these 
lines,  he  has  rejected  the  German  idea  of  chemical  reaction  and  thinks 
that  the  problem  is  to  be  solved  in  accordance  with  the  laws  of 
physics.  As  we  have  seen  in  a preceding  chapter,  Bordet  supposes 
that  both  in  agglutination  and  in  bacteriolysis  there  is  a substance  in 
the  serum  which  renders  the  blood  and  bacterial  cells  sensitive  to  the 
action  of  a ferment.  This  substance  he  calls  the  sensitizer,  and  he 
states  that  the  phenomenon  of  agglutination  is  similar  to  that  of  co- 
agulation, and  in  explaining  the  latter  he  endeavors  to  exclude  the 
necessity  of  the  presence  of  bodies  which  have  other  than  physical 
action. 
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CHAPTER  IX. 

IMMUNITY. 

It  is  a matter  of  observation  as  old  as  the  history  of  man  that  all 
animals  are  not  alike  affected  by  the  same  diseases,  and  that  epi- 
demics which  decimate  certain  species  are  wholly  without  effect  upon 
the  health  and  life  of  others.  Primitive  man  undoubtedly  recognized 
the  fact  that  one  attack  of  certain  diseases  gives  a more  or  less  per- 
manent immunity  to  the  same  disorder.  It  has  also  been  long  recog- 
nized that  certain  diseases,  such  as  diphtheria  and  scarlet  fever,  which 
are  so  highly  fatal  among  children,  but  rarely  attack  adults.  The 
question  of  immunity  has  long  been,  is,  and  probably  will  long  con- 
tinue to  be  one  of  the  most  perplexing  problems  which  medical 
science  has  attempted  to  solve.  With  so  many  chances  of  infection, 
the  question  is  often  asked  how  is  it  that  the  human  race  continues 
its  existence,  and  why  has  it  not  been  swept  out  of  the  world  by 
epidemics  ? The  answer  to  this  question  is  not  easy,  and  the  time 
has  not  come  when  it  can  be  given  with  perfect  satisfaction.  How- 
ever, we  are  now  in  possession  of  numerous  facts  bearing  on  this 
point,  and  it  will  be  our  attempt  in  this  chapter  to  briefly  state  the 
most  important  of  these. 

It  should  be  plainly  understood  that  the  factors  involved  in  secur- 
ing immunity  against  infectious  diseases  are  multiple  in  number  and 
varied  in  character.  A mistake  has  been  made  in  endeavoring  to 
explain  immunity  as  being  due  to  one,  or  even  to  a few  anti-bac- 
terial properties  of  the  animal  body.  This  has  been  admirably 
pointed  out  by  Meltzer,1  from  whom  we  make  the  following  quota- 
tion : “ I maintain  in  the  first  place  that  in  the  struggle  against 

bacteria  the  defense  of  the  body  is  not  carried  on  exclusively  or 
chiefly  by  a single  element.  It  is  neither  the  body  fluids,  nor  the 
leucocytes,  nor  the  other  cells  alone  which  can  claim  the  exclusive 
merit  of  maintaining  the  health  of  the  body,  but  each  and  every  one 
of  them  has  its  variable  share  in  attaining  the  desired  end.  . . . 
Let  us  take  as  an  illustration  the  protection  of  the  conjunctival  sac. 
It  is  nearly  in  direct  contact  with  the  air,  and  we  might  expect  to 
find  there  an  extensive  bacterial  settlement.  Nevertheless  Lacho- 
witz  and  Bujwid  found  that  in  69  per  cent,  of  cases  the  conjunctiva 
was  perfectly  sterile.  The  factors  which  accomplish  this  sterility, 
or  at  least  comparative  sterility,  of  bacteria  are  : The  reflex  which 

causes  the  closure  of  the  lids  at  the  approach  of  dust  (the  carrier  of 

1 Congress  of  Am.  Physicians  and  Surgeons,  1900. 
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bacteria)  ; the  blinking  which  occurs  regularly  a few  times  in  a min- 
ute, which  in  conjunction  with  the  lachrymal  moisture,  throws  out 
again  mechanically  the  already  landed  bacteria  ; and  finally,  the  bac- 
tericidal effect  of  the  tears  destroys  the  balance  of  the  invaders. 
Or  let  us  take  the  respiratory  organ  from  the  larynx  down  to  the 
respiratory  tissue,  including  the  corresponding  lymph  glands.  . . . 
Through  this  patli  the  outside  world  stands  in  an  intimate  relation 
with  the  interior  of  the  body  ; inasmuch  as  the  air  column  is  sepa- 
rated from  the  lymphatics  and  capillaries  of  the  lungs  merely  by  a 
single  layer  of  the  very  thin  epithelium  of  the  air  cells.  Even  the 
serous  cavities  are  separated  from  the  lymph  spaces  by  thicker  lay- 
ers. This  arrangement  is,  of  course,  indispensable  for  the  proper 
exchange  of  the  blood  gases  with  the  air.  But  what  prevents  the 
bacterial  invasion  of  the  interior  of  the  body  by  this  open  and  direct 
way?  Moreover  most  of  the  writers  agree  that  trachea,  bronchi 
and  lung  tissue  of  healthy  animals  are  entirely  sterile.  In  a num- 
ber of  rabbits  under  morphine  anesthesia  I found  all  these  parts  to 
be  sterile.  If  one  vagus  or  a laryngeal  branch  was  cut,  then  the  upper 
part  of  the  trachea  contained  bacteria,  but  not  the  lung.  When 
both  vagi  were  cut,  then  of  course  the  lungs  too  were  invaded. 
Jundell  reported  recently  that  by  means  of  a special  device  he  Avas 
able  to  test  the  human  trachea,  and  found  that  in  the  majority  of 
healthy  cases  the  region  below  the  glottis  proved  to  be  sterile.  What 
protects  this  path?  In  my  opinion  the  result  is  accomplished  by  the 
cooperation  of  the  following  factors  : The  tortuous  part  of  the  res- 

piratory path  lying  above  the  glottis  removes  perhaps  the  greatest 
part  of  the  bacteria  contained  in  the  inspired  air  column,  and  the 
remaining  number  is,  under  normal  conditions,  just  small  enough  to 
be  disposed  of  by  the  factors  present  below  the  larynx.  Bacteria 
Avhich  pass  the  glottis  are  either  carried  back  outside  of  the  glottis 
from  the  trachea  and  the  bronchi  by  the  steady  movements  of  the 
cilia  of  the  epithelium,  or,  if  the  germs  are  carried  in  the  center  of 
the  air  column  down  to  the  air  cells,  they  quickly  penetrate  the  thin 
epithelial  layer  and  are  immediately  Avithin  the  reach  of  the  lymph 
glands,  Avhich  take  good  care  of  them.  ...  In  connection  Avith 
the  respiratory  path,  I would  like  to  recall  here  the  interesting  fact 
that  both  canals  A\rhich  lead  farthest  to  the  innermost  of  the  body, 
that  is,  the  respiratory  and  the  female  genital  canal  (which  latter 
terminates  in  the  peritoneum),  have  ciliated  epithelium,  the  move- 
ments of  the  cilia  being  outward,  and  are,  as  far  as  the  epithelium 
extends,  entirely  or  nearly  sterile.” 

Some  of  the  factors  Avhich  lead  to  immunity  in  the  infectious  dis- 
eases pertain  to  the  animal  organism,  Avhile  others  are  due  to  limita- 
tions of  the  capability  of  groAvth  on  the  part  of  the  infecting  agents. 
For  instance,  but  few  if  any  of  the  pathogenic  bacteria  are  able  to 
penetrate  the  unbroken  skin,  and  infection  through  this  avenue  can 
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occur  only  when  there  is  some  break  in  the  continuity  of  the  cover- 
ing of  the  body.  Indeed  some  of  the  most  powerful  pathogenic 
microorganisms  are  practically  harmless  when  introduced  into  the 
body  subcutaneously,  while  they  may  speedily  cause  death  when 
taken  into  the  alimentary  canal.  This  is  true  of  the  vibrio  of  Asiatic 
cholera.  On  the  other  hand  tetanus  and  anthrax  bacilli  may  do  no 
harm  when  taken  into  a healthy  stomach,  while  they  may  cause 
speedy  death  when  injected  subcutaneously.  These  examples  make 
it  evident  that  it  is  not  sufficient  for  a pathogenic  microorganism, 
even  one  to  which  man  is  highly  susceptible,  to  come  in  contact  with 
the  human  body  in  order  to  cause  disease,  but  it  must  first  find  its 
suitable  port  of  entry,  and  even  after  this  has  been  reached,  there 
are  other  dangers  to  the  life  of  the  invader  with  which  he  may  have 
to  meet  before  he  reaches  the  place  where  he  can  entrench  himself 
and  begin  the  struggle.  Such  guards  are  furnished,  as  has  already 
been  seen,  by  the  mechanical  movements  of  epithelial  ciliae,  by  the 
tortuosity  of  the  passage,  by  coming  in  contact  with  such  fluids  as 
the  gastric  juice,  or  by  being  hurried  through  the  body  and  cast  out 
in  the  excretions,  as  undoubtedly  sometimes  happens  to  typhoid 
bacilli  when  taken  into  the  alimentary  canal.  Moreover  every  toxi- 
cogenic  germ  is  not  capable  of  maintaining  even  for  a short  time  a 
parasitic  existence.  The  obligate  saprophytes,  which  are  numerous, 
and  some  of  which  undoubtedly  produce  powerful  toxins,  are  capable 
of  harming  man  only  under  exceptional  conditions  which  are  spe- 
cially favorable  to  their  growth  and  multiplication.  Indeed,  some 
members  of  this  class  do  not  appear  to  be  capable  of  growth  and 
reproduction  when  introduced  into  any  part  of  the  animal  body,  and 
consequently  they  are  harmful  to  man  only  when  their  already  formed 
toxins  are  introduced  into  his  body.  These  bacteria  in  and  of  them- 
selves are  not  able  to  affect  the  health  or  endanger  the  life  of  man. 
Other  powerful  toxicogenic  bacteria  have  their  intracellular  toxins 
locked  up  in  cell  walls  which  under  ordinary  conditions  are  imper- 
meable ; and  it  is  only  when  some  unusual  condition  gives  oppor- 
tunity for  the  disintegration  of  the  bacterial  cell  that  its  toxin  is 
liberated  and  may  do  harm.  This  seems  to  be  true  of  the  colon 
bacillus,  which  is  a normal  habitant  of  the  intestines  of  man,  and 
which  contains  a powerful  intracellular  poison.  Under  ordinary 
conditions  this  bacterium  is  harmless  to  man,  because  its  toxin  does 
not  diffuse  from  the  bacterial  cell,  and  consequently  cannot  be  ab- 
sorbed by  the  intestinal  wall  ; but  if  the  colon  bacillus  finds  its  way 
into  the  peritoneal  cavity,  where  its  cell  wall  is  disintegrated  by 
phagocytic  or  other  action,  its  toxin  is  liberated  to  the  great  danger 
of  the  host. 

Animals  differ  widely  not  only  in  their  susceptibility  to  bacterial  in- 
fection,  but  also  to  bacterial  intoxication.  For  instance  certain  ani- 
mals, especially  birds  and  reptiles,  are  not  susceptible  to  the  toxin  of 
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tetanus,  and  mice  and  rats  bear  large  doses  of  the  diphtheria  toxin 
without  ill  effect.  On  the  other  hand,  many  animals  that  are  sus- 
ceptible to  the  toxins  cannot  be  infected  with  the  bacteria  which  pro- 
duce these  toxins.  It  will  be  seen  from  this  that  there  may  be  both 
bacterial  and  toxin  immunity. 

We  may  discuss  the  subject  of  immunity  in  detail  under  the  fol- 
lowing heads  : (1)  Natural  immunity,  or  that  possessed  by  certain 
species  or  races  of  animals  at  all  times  against  certain  diseases ; (2) 
inherited  immunity,  which  may  be  transmitted  from  the  mother  to 
the  fetus  through  the  placental  circulation,  or  from  the  mother  to  the 
child  through  the  milk  ; (3)  acquired  immunity,  or  that  which  is 
secured  by  one  attack  of  the  disease,  by  vaccination,  or  by  repeated 
treatments  with  sterilized  or  unsterilized  cultures.  Acquired  im- 
munity may  be  either  active  or  passive.  By  an  active  immunity  we 
mean  that  form  which  is  induced  by  the  direct  treatment  of  the  ani- 
mal with  filtered  or  unfiltered  cultures,  and  in  which  case  the  anti- 
toxic or  anti-bacterial  substance  is  produced  in  the  body  of  the  animal 
thus  treated.  Passive  immunity,  on  the  other  hand,  may  be  secured 
by  injecting  the  blood  serum  of  an  animal  actively  immunized  into  a 
second  animal.  As  an  illustration  of  active  and  passive  immunity,  we 
may  refer  to  the  method  by  which  diphtheria  antitoxin  is  prepared. 
The  horse  is  treated  with  successive,  non-fatal,  gradually  increased 
doses  of  diphtheria  toxin  until  this  animal  furnishes  a serum  which 
contains  a large  amount  of  diphtheria  antitoxin.  The  horse’s  serum 
when  injected  into  the  child  sick  -with  diphtheria  supplies  the  anti- 
toxin, which  combines  with  the  toxin,  and  thus  protects  the  tissues 
of  the  child  against  the  injury  that  would  otherwise  be  inflicted  on 
the  cellular  elements  by  the  noxious  agent.  In  this  illustration  an 
active  immunity  is  induced  in  the  horse,  and  as  a result  of  the  es- 
tablishment of  this  condition  certain  cells  within  the  animal  are 
stimulated  to  a form  of  activity  by  which  the  antitoxin  is  generated. 
In  other  words,' the  horse  treated  with  successive  doses  of  the  diph- 
theria toxin  comes  to  possess  an  active  immunity.  The  horse’s 
serum  containing  the  antitoxin  is  injected  into  the  child,  which  for 
the  time  being  becomes  physiologically  a part  of  the  horse,  and  pos- 
sesses only  a passive  immunity. 

We  will  now  proceed  to  discuss  in  more  detail  the  subject  of  nat- 
ural immunity.  It  is  a fact  of  common  observation  as  well  as  of  ex- 
perimental demonstration  that  the  lower  animals  are  wholly  immune 
to  certain  bacterial  infections  to  which  man  is  markedly  susceptible. 
For  instance,  among  men  typhoid  fever  is  one  of  the  grave  diseases, 
causing  great  morbidity,  and  increasing  to  a considerable  extent  the 
mortality  lists  ; while  among  the  lower  animals  this  disease  does  not 
occur  naturally,  nor  has  anyone  as  yet  been  able  to  induce  it  by  in- 
oculation with  the  bacillus.  It  is  true  that  many  of  the  lower 
animals  are  susceptible  to  the  typhoid  toxin,  but  a true  typhoidal  in- 
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fection  with  the  bacterium  of  this  disease  has  not  been  established, 
although  frequently  tried,  in  any  of  the  animals  upon  which  experi- 
ments have  been  made.  Leprosy,  scarlet  fever,  yellow  fever  and 
measles  are  other  diseases  which  inflict  themselves  upon  mankind, 
but  to  which  the  lower  animals  are  apparently  insusceptible.  Some 
infections  are  prevalent  among  certain  species  of  animals,  while  upon 
others  they  seem  to  be  without  effect.  For  instance,  anthrax  is 
common  among  cattle  aud  sheep,  while  many  carnivorous  animals 
wholly  escape  this  infection.  It  is  an  interesting  fact  that  in  na- 
ture some  animals,  such  as  the  guinea-pig  and  rabbit,  are  not  known 
to  suffer  from  epidemics  of  anthrax,  but  this  disease  can  be  easily  in- 
duced in  these  animals  by  artificial  inoculation.  Toxin  and  bacterial 
immunity  are  sometimes,  but  not  always,  possessed  by  the  same 
animal.  Rats  and  mice  are  insusceptible  to  both  the  bacillus  and 
the  toxin  of  diphtheria,  but,  as  we  have  already  seen,  many  animals 
succumb  to  the  typhoid  toxiu,  while  none  are  susceptible  to  this 
infection. 

One  of  the  important  factors  in  natural  immunity  lies  in  the  fact 
that  the  toxicogenic  germ  is  unable  to  multiply  in  the  animal  body. 
The  bacillus  pyocyaneus  is  frequently  found  upon  the  surface  of 
man’s  body,  especially  in  the  axillary  and  inguinal  regions,  and 
sometimes  it  occurs  in  the  intestines,  but  notwithstanding  this  al- 
most constant  proximity  of  this  organism  man  is  but  rarely  injured 
by  it,  yet,  nevertheless,  this  bacillus  produces  a toxin  to  which  man 
is  susceptible.  The  micrococcus  prodigiosus  is  not  classed  among 
the  pathogenic  bacteria,  and  yet  experimentation  has  shown  that  its 
toxin,  which  has  been  used  in  the  treatment  of  malignant  growths, 
has  a marked  effect  upon  man.  It  is  probable  that  most  of  the  sa- 
prophytic bacteria  contain  intracellular  substances  which  when  re- 
peatedly injected  into  animals  in  relatively  large  amounts  are  capable 
of  causing  death.  The  sarcines  are  usually  regarded  as  altogether 
harmless,  but  it  has  been  shown  that  the  intra-peritoneal  injection  of 
the  cellular  elements  of  these  organisms  is  followed  by  death.  It 
has  been  found  that  large  amounts  of  the  spores  of  the  tetanus  bacil- 
lus, when  completely  freed  from  the  toxiu,  may  be  injected  into  rab- 
bits and  guinea-pigs  with  no  further  injury  than  the  formation  of  a 
pocket  of  pus  at  the  place  of  injection,  but  these  animals  are  highly 
susceptible  to  tetanus  toxin,  which  causes  in  them  typical  symptoms 
of  the  disease  and  induces  speedy  death.  The  natural  immunity 
possessed  by  some  animals  to  tetanus  infection  may  be  overcome  by 
the  employment  of  mixed  cultures,  even  when  the  accompanying 
microorganism  is  apparently  wholly  without  effect.  A like  result 
may  be  secured  by  the  simultaneous  introduction  into  the  animal 
body  of  certain  chemicals,  such  as  lactic  acid.  On  the  other  hand, 
certain  animals  are  quite  insusceptible  to  the  toxin,  and  at  the  same 
time  easily  infected  with  the  microorganism.  A healthy  man  is  rela- 
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tively  insusceptible  to  tuberculin,  but  is  easily  invaded  by  the  tuber- 
cle bacillus,  and  after  becoming  infected  with  the  germ  he  loses  his 
insusceptibility  to  the  toxin.  It  may  be  seen  from  the  illustrations 
that  have  already  been  given  that  inability  on  the  part  of  the  micro- 
organisms to  grow  in  the  animal  body  is  an  important  factor  in  nat- 
ural immunity,  but  this  is  by  no  means  the  sole  factor  in  the  estab- 
lishment of  this  condition. 

In  the  chapter  on  the  germicidal  constituents  of  the  blood  we 
have  shown  the  existence  of  alexins  not  only  in  this  fluid  but  in 
other  tissues  and  juices  of  the  body.  It  was  at  one  time  supposed 
that  the  alexins  of  the  blood  played  a large  part  in  the  establish- 
ment of  natural  immunity,  but  more  extended  investigation  has 
shown  that  this  supposition  is  erroneous.  The  blood  serum  of  the 
rabbit  has  relatively  strong  bactericidal  effect  upon  anthrax  bacilli, 
and  yet  this  animal  is  most  highly  susceptible  to  this  infection. 
Moreover,  Lubarsch  1 has  shown  that  the  bactericidal  action  of  rab- 
bit’s blood  on  the  anthrax  bacillus  is  more  marked  outside  than  it  is 
inside  the  body.  The  discovery  of  the  germicidal  effect  of  rat’s 
blood  on  anthrax  bacilli  was  at  one  time  suggested  by  Behring,2  as 
an  explanation  of  the  relative  immunity  possessed  by  this  animal  to 
anthrax  infection.  However,  more  extended  observation  showed 
that  the  white  rat  is  more  susceptible  to  anthrax  than  was  at  one 
time  supposed,  and  yet  the  bactericidal  action  of  rat’s  blood  on  the 
anthrax  bacillus  can  be  demonstrated  not  only  outside  the  animal 
body,  but  also  within  the  organism.  If  anthrax  bacilli  be  mixed 
with  rat’s  blood  and  the  mixture  be  injected  into  mice,  the  latter 
animals  escape  infection,  but  the  rat  from  which  the  bactericidal 
blood  was  obtained  succumbs  to  infection  with  the  bacillus.  On  the 
other  hand,  the  adult  dog  is  immune  to  anthrax  infection,  while  the 
blood  serum  of  this  animal  has  no  germicidal  action  on  this  organ- 
ism. Indeed,  anthrax  bacilli  grow  abundantly  in  the  blood  serum 
of  the  dog.  It  will  thus  be  seen  that  the  blood  of  the  rabbit,  an 
animal  highly  susceptible  to  anthrax  infection,  has  marked  germicidal 
action  on  the  anthrax  bacilli  outside  the  body ; while  the  blood  of 
the  dog,  an  animal  immune  to  anthrax  infection,  furnishes  a good 
culture  medium  for  the  growth  of  the  bacillus.  We  must,  therefore, 
conclude  that  the  attempt  to  explain  natural  immunity  solely  by  the 
bactericidal  properties  of  the  blood  must  be  abandoned.  Indeed, 
it  is  probable  that  the  germicidal  properties  of  the  blood  do  not  con- 
stitute a very  important  factor  in  the  production  of  natural  immunity. 
However,  we  do  not  claim  that  the  alexins  can  be  wholly  disre- 
garded in  the  study  of  this  problem,  and  after  bringing  forward 
another  theory  concerning  natural  immunity,  we  will  return  to  this 
subject. 

1 Centralblatt  f.  Bakteriologie,  6,  1889. 

s Zeitschrift  fur  Hygiene,  9,  1890. 
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According  to  Metschnikoff,  the  most  important  factor  in  the  pro- 
duction of  natural  immunity  is  to  be  found  in  the  phagocytic  action 
of  certain  cells  within  the  animal  body.  He  divides  phagocytes 
into  mobile  and  fixed  elements.  Among  the  former  he  places  both 
the  mono-  and  polynuclear  leucocytes  (with  the  exception  of  the 
small  lymphocytes,  and  the  mast  cells  of  Ehrlich),  and  the  so-called 
wandering  cells  ; while  the  fixed  phagocytes,  or  macrophages,  consist 
of  endothelial  cells,  the  elements  of  the  spleen  pulp  and  of  bone 
marrow,  some  connective  tissue  cells,  and  possibly  certain  nerve  and 
muscle  cells.  He  states  that  sometimes  many  mononuclear  phago- 
cytes fuse  together  forming  large  plasmodia,  which  may  be  known 
as  giant  cells,  and  which  have  a phagocytic  action.  When  bacteria 
are  introduced  into  a naturally  immune  animal  they  are  seized  upon 
and  devoured  by  either  the  mobile  or  fixed  phagocytes,  or  by  both. 
When  a microorganism  is  introduced  into  a place  where  no  phago- 
cytes are  present,  as  for  instance  under  the  skin,  into  the  cornea,  or 
into  the  anterior  chamber  of  the  eye,  the  mobile  phagocytes  collect 
at  the  point  of  bacterial  invasion,  engulf  the  bacterial  cells  with  the 
aid  of  their  pseudopodia  and  then  digest  them  or  in  some  other  way 
deprive  them  of  their  capability  of  harming  the  body.  This 
method  of  disposing  of  foreign  substances  introduced  into  the  ani- 
mal body  is  known  as  phagocytosis.  Even  those  who  have  brought 
the  best  arguments  against  Metschnikoff ’s  doctrine  of  phagocytosis 
admit  that  this  phenomenon  is  especially  observable  in  animals 
which  are  relatively  immune  to  the  invading  microorganism,  or  in 
other  words,  they  recognize  the  fact  that  in  natural  immunity  pha- 
gocytosis is  at  least  a frequently  observed  phenomenon.  Pfeiffer 
and  Kolle,1  in  studying  the  former’s  reaction,  which  has  already 
been  referred  to  in  our  chapter  on  lysins,  state  that  the  greater 
number  of  bacteria  destroyed  in  the  peritoneum  of  normal  ani- 
mals are  taken  up  by  leucocytes,  but  that  some  perish  in  the 
exudative  fluid.  Kruse 2 states  that  phagocytosis  is  frequently  ob- 
served, especially  in  relatively  insusceptible  animals,  and  when  a 
weak  virus  is  used.  When  anthrax  bacilli  are  injected  under  the 
skin  of  a dog  a very  energetic  phagocytosis  takes  place  and  indeed, 
according  to  Denys  and  Havet,3  this  phenomenon  may  be  observed 
in  extra-vascular  blood  from  the  dog.  Even  spores  are  taken  up  by 
the  phagocytes  and  sometimes  they  develop  into  bacilli  within  the 
phagocyte,  thus  destroying  the  organism  which  has  engulfed  them, 
but  ordinarily  their  development  is  rendered  impossible,  and  their 
destruction  finally  accomplished.  The  phenomenon  of  phagocytosis 
can  be  explained  only  on  the  assumption  that  the  phagocyte  contains 
some  chemical  substance  by  virtue  of  which  it  destroys  the  captured 

1 Zeitschrifl  fur  Hygiene,  21,  1896. 

* Fliigge?  e Mikroorganismen,  1895. 

»La  Cellule,  10,  1894. 
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microorganism.  What  this  chemical  poison  is,  or  whether  it  is  the 
same  in  all  phagocytes,  we  cannot  at  present  determine.  All  phago- 
cytes contain  nucleic  acid,  and  the  germicidal  properties  of  this  have 
been  abundantly  demonstrated,  but  whether  or  not  there  may  be 
other  and  more  powerful  bactericidal  agents  in  certain  phagocytes,  wre 
have  no  means  at  present  of  knowing.  It  is  still  a question  whether 
or  not  the  germicidal  substance  contained  in  the  leucocytes  is  a secre- 
tion of  these  organisms  or  a result  of  their  disintegration.  As  has 
already  been  stated  in  the  chapter  on  the  germicidal  constituents  of 
the  blood,  it  seems  quite  evident  that  the  bactericidal  substances  in 
the  blood  serum  result  from  the  disintegration  of  the  white  corpuscles. 
It  is  possible  that  a blood  which  furnishes  a highly  bactericidal  serum 
gives  off  but  little  or  no  germicidal  substance  to  the  plasma  in  the 
living  body.  It  is  probable  that  the  leucocytes  in  the  blood  of 
certain  animals  disintegrate  more  rapidly  when  removed  from  the 
body  than  happens  to  the  leucocytes  of  other  animals.  In  instances 
of  the  first  kind  we  would  expect  to  find  the  blood  serum  possessed 
of  marked  germicidal  properties,  while  in  cases  of  the  second  kind 
the  serum  may  be  quite  devoid  of  bactericidal  action.  Again  it  is 
possible  that  the  phagocytes  in  the  blood  of  one  animal  may  retain 
their  germicidal  constituents  longer  than  do  the  leucocytes  in  the 
blood  of  other  animals.  In  the  serum  of  a blood  of  the  first  kind  we 
would  not  expect  to  find  a large  amount  of  germicidal  substance  and 
yet  within  the  body  the  phagocytes  of  this  animal  may  be  more 
effective  in  the  destruction  of  germs  than  are  those  in  the  blood  of 
an  animal  whose  serum  is  rich  in  germicidal  substances. 

There  is  another  chemical  process  in  the  phenomenon  of  phago- 
cytosis which  is  of  the  greatest  importance.  The  phagocytes  are 
attracted  by  the  introduction  into  the  body  of  certain  substances  and 
repelled  by  others.  This  is  known  as  chemotaxis,  which  may  be 
either  positive  or  negative.  In  other  words,  the  foreign  substance 
introduced  into  the  animal  body  may  attract  the  phagocytes,  or  it 
may  repel  them.  In  the  former  instance  the  phagocytes  will  gather 
in  large  numbers  about  the  foreign  substance  introduced  into  the 
body,  and  phagocytic  action  will  be  most  marked.  It  appears  to  us 
that  the  greatest  factor  in  natural  immunity,  so  far  as  the  action  of 
the  blood  of  the  body  on  the  invading  microorganism  is  concerned, 
lies  in  the  fact  that  in  natural  immunity  chemotaxis  is  positive,  and 
the  more  marked  the  natural  immunity  is,  the  stronger  is  the  posi- 
tive chemotaxis.  It  should  be  understood  that  at  present  we  have 
reference  only  to  natural  immunity  against  infection,  and  that  we  do 
not  include  in  these  statements  our  opinions  concerning  natural  im- 
munity against  toxins. 

That  bacteria  may  retain  their  vitality  after  being  taken  into  the 
phagocyte  has  been  demonstrated  by  injecting  phagocytes  containing 
bacilli  into  susceptible  animals  and  thus  inducing  infection.  When 
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phagocytes  containing  bacteria  are  removed  from  the  body  the  phago- 
cytes die  and  some  of  the  contained  bacteria  demonstrate  their  re- 
tention of  life  by  growth  and  multiplication.  It  sometimes  happens 
within  the  body  that  the  bacterium  proves  too  powerful  an  opponent, 
and  the  phagocyte  is  destroyed.  This  condition  can  be  brought 
about  by  the  employment  of  a highly  virulent  culture  or  by  placing 
the  animal  after  inoculation  under  unfavorable  conditions.  For  in- 
stance Pasteur  and  Joubert  demonstrated  that  while  the  chicken  is 
naturally  immune  to  anthrax,  susceptibility  may  be  secured  by  keep- 
ing the  inoculated  animal  at  a low  temperature,  under  the  unfavor- 
able influence  of  which  normal  phagocytic  action  is  not  possible. 

It  is  probable  that  plasmolysis  is  also  a factor  in  natural  immu- 
nity. It  is  a well-known  fact  that  the  removal  of  bacteria  from  one 
medium  into  another  containing  slightly  more  or  less  of  certain  min- 
eral constituents  may  be  followed  by  the  death  of  all  or  the  greater 
part  of  the  microorganisms.  Bacteria  consist  of  cell-walls  with  con- 
tents. Diffusion  through  the  cell-wall  is  constantly  taking  place  to 
a greater  or  less  extent.  By  altering  the  mineral  constituents  of  the 
medium,  an  osmosis,  which  may  prove  fatal  to  the  bacterium,  results. 
The  removal  of  the  bacterial  cell  from  an  isotonic  medium  to  one 
which  is  either  hypotonic  or  hypertonic  leads  to  greater  or  less  injury 
to  the  cell. 

The  subject  of  natural  immunity  to  toxins  is  one  of  quite  as  much 
interest  as  that  which  we  have  just  been  discussing.  Instances  of 
insusceptibility  to  powerful  poisons  have  long  been  known  and  have 
formed  the  subject-matter  of  much  theoretical  discussion.  For  in- 
stance, hogs  can  eat  with  impunity  relatively  large  amounts  of  arsenic 
and  antimony,  and  certain  insects  not  only  live,  but  seem  to  thrive 
in  an  atmosphere  saturated  with  the  vapor  of  formaldehyde.  Metsch- 
nikoff  states  that  there  are  certain  invertebrates  which  are  not  af- 
fected by  large  doses  of  some  of  the  most  important  bacterial  toxins. 
The  larva  of  a large  beetle  (Nashornkafer)  has  been  found  to  be 
wholly  immune  to  the  cholera  toxin.  If  one  of  these  and  a small 
green  frog  of  equal  weight  be  treated  with  0.5  c.c.  of  soluble  cholera 
toxin,  the  larval  beetle  remains  apparently  unaffected,  while  the  frog 
speedily  dies.  On  the  other  hand,  if  both  animals  be  inoculated  with 
the  cholera  bacillus,  the  beetle  succumbs  to  cholera  sepsis,  while  the 
frog  escapes  infection.  Metschnikoff  explains  these  observed  facts 
on  the  ground  that  the  leucocytes  of  the  frog  consume  the  vibrios, 
but  are  powerless  against  the  toxin,  while  the  leucocytes  of  the  lar- 
val beetle  are  unable  to  cope  with  the  bacteria,  but  it  must  be  ad- 
mitted that  he  does  not  explain  how  it  is  that  the  beetle  succumbs  to 
the  cholera  toxin  elaborated  in  its  own  body,  while  it  is  insusceptible 
to  that  introduced  from  without. 

It  is  well  known  that  certain  vertebrates  are  very  resistant  to  the 
most  potent  venoms  of  snakes.  This  is  notably  true  of  the  mon- 
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goose  and  hedgehog,  and  less  markedly  so  of  hogs.  The  crocodile 
is  insusceptible  to  both  the  tetanus  bacillus  and  its  toxin,  but  is  sus- 
ceptible to  diphtheria  toxin.  Many  birds,  including  the  barnyard 
fowl,  are  insusceptible  to  the  tetanus  toxin.  The  best  explanation 
that  has  been  given  to  natural  immunity  against  toxins  is  that  offered 
by  Ehrlich’s  theory.  This  author  holds  that  in  order  for  a substance 
to  be  toxic  to  the  animal  organism  the  latter  must  contain  cells,  the 
molecules  of  which  furnish  side  chains  capable  of  forming  chemical 
compounds  with  the  toxin.  When  the  toxin  is  not  capable  of  form- 
ing a chemical  combination  with  some  constituent  of  the  cell,  it  has 
no  poisonous  action  on  that  animal.  Some  bacterial  toxins,  such  as 
that  of  tetanus,  form  a destructive  combination  with  the  cells  of  the 
central  nervous  system,  while  others  possibly  form  similar  compounds 
with  other  tissues  of  the  body.  Therefore,  according  to  Ehrlich, 
natural  immunity  to  toxins  is  due  to  the  failure  to  form  combinations 
in  the  animal  body  which  are  destructive  to  some  of  its  cellular 
elements. 

The  study  of  acquired  immunity  has  furnished  a rich  field  for 
research  to  the  bacteriologist.  Early  in  his  development  man  must 
have  observed  that  one  attack  of  certain  diseases  gave  to  those  who 
recovered  more  or  less  permanent  immunity  to  that  disease.  The 
Chinese  recognized  this  fact  many  centuries  ago,  so  far  as  smallpox 
is  concerned,  and  this  led  to  their  practice  of  inoculation  for  this 
disease.  This  custom  probably  spread  from  the  Orient  through 
Tartar  tribes,  and,  as  is  well  known,  was  introduced  into  England 
from  Turkey.  The  next  step  that  was  made  in  the  study  of  acquired 
immunity  was  the  discovery  of  vaccination  for  smallpox  as  practiced 
by  Jenner;  but  inasmuch  as  up  to  that  time  the  specific  bacteria 
remained  unknown,  the  philosophy  of  vaccination  could  not  be  ex- 
plained. The  scientific  study  of  acquired  immunity  may  be  said  to 
date  from  the  early  investigations  of  Pasteur,  who  in  1880  discov- 
ered that  inoculations  with  non-virulent  cultures  of  chicken  cholera 
gave  immunity  to  subsequent  inoculations  with  a virulent  culture 
of  this  microorganism.  Indeed,  as  early  as  1877  Pasteur  observed 
that  susceptible  animals  inoculated  with  cultures  of  the  anthrax 
bacillus  mixed  with  other  bacteria  did  not  acquire  the  disease.  This 
discovery,  as  we  shall  see  later,  has  been  amplified  by  others,  espe- 
cially by  Emmerich.  It  may  be  well  for  us  to  proceed  in  the  discus- 
sion of  acquired  immunity  by  considering  the  different  agents  em- 
ployed in  securing  this  condition.  They  are  as  follows  : (1)  By 

treatment  with  weakened  cultures  of  the  germ  of  the  disease.  (2) 
By  the  employment  of  sterilized  cultures  of  the  specific  microorgan- 
ism or  by  the  use  of  its  toxins.  (3)  By  treating  the  animal  with 
cultures  of  the  specific  organism  mixed  with  other  bacteria,  or  by 
the  employment  of  mixed  cultures  in  which  the  specific  microorgan- 
ism is  present. 
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Pasteur  ascertained  that  when  the  bacillus  of  chicken  cholera  is 
grown  on  artificial  culture  media  through  successive  generations,  it 
gradually  loses  its  virulence  and  finally  reaches  a point  when  it  is  no 
longer  capable  of  inducing  the  disease  in  susceptible  animals.  Then 
he  found  that  animals  treated  with  this  non-virulent  culture  and  sub- 
sequently inoculated  with  virulent  cultures  remain  unaffected.  With 
the  anthrax  bacillus  it  was  found  that  there  is  no  loss  of  virulence  in 
successive  growths  on  artificial  media.  It  was  therefore  necessary 
to  resort  to  other  means  of  robbing  this  organism  of  its  virulence. 
Pasteur  found  that  this  could  be  accomplished  in  several  ways,  the 
most  important  of  which  were:  (1)  Growth  at  relatively  high  tem- 
peratures, and  (2)  growth  in  culture  media  containing  small  amounts 
of  certain  antiseptics,  such  as  carbolic  acid.  By  both  of  these  meth- 
ods he  was  able  to  secure  vaccines  which  were  found  to  give  tempo- 
rary immunity.  Vaccines  of  this  kind  are  still  employed,  notably 
for  anthrax,  but  the  immunity  secured  in  this  way  is,  in  most  in- 
stances at  least,  of  relatively  short  duration,  and  this  method  cannot 
be  said  to  be  altogether  successful.  It  is  true  that  herds  of  cattle 
and  sheep  may  be  protected  from  a prevailing  epidemic  in  this  way, 
but  revaccination  must  be  frequently  practiced,  and  there  is  always 
danger,  unless  great  care  is  exercised,  of  not  sufficiently  reducing  the 
virulence  of  the  germ,  and  epidemics  have  been  extended  by  the 
employment  of  imperfectly  prepared  vaccines. 

Attempts  to  secure  immunity  by  the  employment  of  sterilized 
cultures  were  probably  suggested  by  the  discovery  of  the  fact  that 
immunity  to  the  venom  of  snakes  may  be  obtained  by  frequent  suc- 
cessive injections  of  non-fatal  doses.  As  early  as  1886,  Sewall  im- 
munized pigeons  to  the  venom  of  the  rattlesnake,  and  soon  thereafter 
Salmon  and  Smith  immunized  animals  to  the  bacillus  of  hog  cholera 
by  successive  treatments  with  sterilized  cultures  of  the  bacillus  of 
this  disease.  The  later  researches  of  Ehrlich  with  abrin  and  ricin 
gave  great  impetus  to  study  along  these  lines,  and  space  cannot  be 
given  here  to  even  an  enumeration  of  all  the  work  that  has  been 
done  in  the  study  of  immunity  by  treatment  with  sterilized  cultures. 
In  some  instances  the  action  of  the  toxin  has  been  modified  by  heat- 
ing or  by  the  addition  of  certain  chemicals,  such  as  iodin  and  chlorin. 
The  production  of  immunity  by  the  employment  of  sterilized  cul- 
tures of  toxins  is  due  in  most  instances,  if  not  in  all,  to  the  formation 
of  antitoxins,  and  the  explanation  of  the  formation  of  these  bodies 
will  be  discussed  later. 

A certain  degree  of  immunity  to  some  of  the  infectious  diseases 
may  be  secured  by  previous  treatment  of  the  animal  with  substances 
of  non-bacterial  origin.  The  first  hint  that  this  might  be  accom- 
plished was  offered  by  Wooldridge,  who  reported  that  he  had  secured 
immunity  against  anthrax  by  previous  treatment  of  the  animals  with 
extracts  of  testicles  and  thymus  gland.  Although  subsequent  inves- 
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ligations  have  not  fully  confirmed  this  statement,  they  have  led  to 
the  discovery  of  many  interesting  facts.  It  has  been  found  that  at 
least  temporary  immunity  against  some  of  the  infections  may  be 
secured  by  previous  treatment  of  the  animal  with  normal  serum, 
nucleinic  acid,  bouillon,  or  even  physiological  salt  solution.  For 
instance,  Issaeff,1  found  that  animals  can  be  protected  against  experi- 
mental cholera  peritonitis  by  previous  intra-peritoneal  injections  of 
the  above-mentioned  substances.  This  investigator  found  that  im- 
mediately after  the  preventive  injection  there  is  a marked  diminution 
in  the  number  of  leucocytes  in  the  peritoneal  lymph,  but  after  a 
short  period  of  time  the  leucocytes  return  in  increased  numbers. 
Now  if  at  this  stage  the  ordinarily  fatal  quantity  of  a culture  of  the 
cholera  vibrio  be  injected  into  the  peritoneum,  death  does  not  follow. 
In  accordance  with  the  phagocytic  doctrine  of  Metschnikoff  it  is  sup- 
posed that  these  substances  of  non-bacterial  origin  give  temporary 
immunity  on  account  of  the  phagocytosis  which  they  induce.  Tem- 
porary immunity  against  some  of  the  most  highly  virulent  bacteria 
may  be  secured  in  this  manner.  Thus  Bordet  succeeded  in  immuniz- 
ing animals  against  most  virulent  cultures  of  the  streptococcus  by 
previous  treatment  with  ordinary  nutritive  bouillon.  This  form  of 
securing  immunity  is  more  easily  demonstrated  by  peritoneal  inocu- 
lations than  in  any  other  way.  It  is  possible  that  the  injection  of 
the  preventive  substance  leads  to  more  or  less  phagolysis,  and  as  a 
result  of  this  the  peritoneal  fluid  becomes  unusually  rich  in  bacteri- 
cidal substances,  which  result  from  the  disintegration  of  the  phago- 
cytes. Metschnikoff  further  suggests  that  the  phagolysis  caused  by 
the  introduction  of  the  preventive  solution  is  the  active  agent  in 
causing  the  accumulation  of  phagocytes  at  the  place  where  the 
phagolysis  has  occurred,  which  in  this  instance  is  in  the  peritoneal 
cavity.  On  account  of  the  phagolysis,  due  to  the  introduction  of 
such  a substance  as  bouillon,  the  fluid  content  of  the  peritoneal  cav- 
ity becomes  rich  in  dissolved  bactericidal  substances  and  in  this  re- 
spect resembles  certain  blood  sera.  When  the  bacteria  are  subse- 
quently injected  into  the  peritoneal  cavity  many  of  them  are  destroyed 
by  the  soluble  germicidal  substances,  and  those  that  escape  this 
action  are  seized  upon  by  the  incoming  phagocytes.  If  a drop  of 
the  peritoneal  fluid  be  examined  at  this  time  it  will  be  observed  that 
some  of  the  bacteria  have  met  with  extra-cellular  death,  while  oth- 
ers are  engulfed  in  the  phagocytes. 

The  most  probable  explanation  of  the  good  results  obtained  in 
Pasteur’s  treatment  of  hydrophobia  is  that  by  this  means  a toxin 
immunity  is  secured.  The  organism  which  is  supposed  to  cause 
hydrophobia  has  not  as  yet  been  discovered,  but  the  probabilities 
are  that  inoculation  with  a living  organism  is  made  by  the  bite  of 
the  rabid  dog.  In  this  disease  a long  period  of  incubation  precedes 

1 Zeitschrift  fur  Hygiene,  16,  1894. 
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the  development  of  the  first  symptoms.  Soon  after  the  man  has 
been  bitten  he  is,  according  to  the  Pasteur  method,  treated  succes- 
sively with  dried  portions  of  spinal  cords  taken  from  animals  which 
have  died  from  experimental  hydrophobia.  These  cords  probably 
contain  the  toxin  of  the  disease,  or  the  modified  microorganism,  or 
both,  and  those  which  have  been  dried  longest  contain  these  in  their 
least  active  form.  By  successive  inoculations  with  emulsions  of 
these  cords  immunity  to  the  hydrophobia  virus  may  be  secured  be- 
fore the  period  necessary  for  the  development  of  the  germ  introduced 
with  the  bite  of  the  dog  has  passed. 

For  some  years  Emmerich  has  worked  on  a theory  of  immunity, 
which,  if  it  should  prove  to  be  correct,  gives  a simple  explanation  of 
many  phenomena  which  have  puzzled  bacteriologists.  .Recently  this 
theory  has  been  elaborated  in  two  papers  published  by  Emmerich  and 
Low,1  and  its  important  points  may  be  stated  as  follows  : Many 
bacteria,  and  among  these  some  of  the  most  important  pathogenic 
ones,  produce,  both  in  vitro  and  in  vivo,  enzymes  which  are  capable 
of  digesting  the  organism  which  produces  them,  and  sometimes  other 
bacteria  as  well.  In  proof  of  this  statement  they  bring  forward  the 
following  observation  : If  a culture  of  the  bacillus  pyocyaneus  be 
allowed  to  stand  at  37°  there  forms  after  three  days  on  the  surface  a 
thick  scum  consisting  of  bacilli.  If  the  tube  be  thoroughly  shaken 
some  of  the  bacteria  subside,  and  after  three  days  longer  a new  scum 
forms  on  the  surface.  The  process  of  shaking  and  allowing  to  grow 
is  repeated  six  or  eight  times,  and  finally  it  will  be  observed  that 
only  a very  small  residue  of  the  bacteria  remains  and  is  deposited  on 
the  bottom.  If  such  a deposit  found  in  a culture  a few  weeks  old  be 
examined  microscopically  there  will  be  found  a few  whole  bacilli 
which  still  stain  well  with  fuchsin,  but  the  mass  of  the  deposit  will 
be  seen  to  consist  of  broken-down  bacilli  which  do  not  stain  readily, 
drops  of  fat,  and  crystals.  They  explain  this  phenomenon  on  the 
ground  that  the  bacteria  have  produced  an  enzyme  which  finally 
manifests  its  bacteriolytic  action  on  the  germs.  If  this  experiment 
be  repeated  with  a culture  of  the  bacillus  of  swine  erysipelas,  similar 
changes  will  be  observed.  The  first  effect  of  the  enzyme  is  to  agglu- 
tinate the  bacilli,  while  the  final  result  is  a bacteriolytic  one.  It 
will  be  seen  from  this  that  both  agglutination  and  bacteriolysis  are 
supposed  to  be  due  to  an  enzyme  produced  by  the  microorganism. 
The  difference  between  the  change  observed  in  artificial  cultures  and 
in  immune  serum  is  due  to  the  fact  that  the  latter  contains  a larger 
quantity  of  ready-formed  enzyme,  while  in  the  former  the  enzyme  is 
gradually  produced.  Illustrations  of  similar  phenomena  are  drawn 
from  the  study  of  the  action  of  enzymes  on  the  cellulose  of  moulds. 
For  instance  certain  parasitic  moulds  pierce  the  wood  of  living  trees 
by  means  of  enzymes  produced  in  the  innermost  growths  of  the  mould, 

1 Zeilschr.  /.  Hygiene , 31, 1899  ; 36,  1901. 
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and  by  which  the  cellulose  of  the  tree  is  digested.  After  a time  these 
ferments  digest  not  only  the  cellulose  of  the  tree  but  also  the  older 
parts  of  the  mould  itself.  The  action  of  bacterial  enzymes  of  this 
class  is  offered  as  an  explanation  of  the  degeneration  forms  observed 
in  many  old  bacterial  cultures.  From  such  cultures  there  may  be 
precipitated  with  alcohol  an  albuminous  body  which  when  dissolved 
in  feebly  alkaline  solution  has  a bacteriolytic  effect.  Arrest  of 
growth  in  artificial  cultures  occurs  when  the  solution  of  the  bacteri- 
olytic enzyme  is  sufficient  to  digest  newly  formed  bacteria.  The 
same  phenomenon  is  offered  as  an  explanation  of  the  self-limitation 
of  the  infectious  diseases.  When  the  bacteriolytic  enzyme  formed  in 
the  animal  body  has  reached  a sufficient  degree  of  concentration  to 
dissolve  the  bacteria  which  have  produced  it,  further  growth  of  the 
organism  is  impossible,  and  the  disease  is  arrested.  It  is  probable 
that  the  enzyme  exists  in  the  bacterial  cell  as  a zymogen,  and  is  able 
to  manifest  its  digestive  action  only  after  liberation  from  the  cell 
contents.  The  enzyme  produced  by  a given  bacillus  may  dissolve 
the  cell  membrane  not  only  of  the  bacterium  which  has  produced  it, 
but  of  other  bacteria  as  well.  These  enzymes  are  divided  into  two 
classes,  which  are  known  as  con  forme  and  heteroforme,  the  former 
being  one  which  dissolves  only  the  bacterium  which  produced  it,  while 
the  latter  is  one  which  has  a bacteriolytic  action  upon  other  micro- 
organisms as  well.  It  is  proposed  that  bacteriolytic  enzymes  be 
given  the  general  name  of  nucleases,  because  they  digest  the  nucleo- 
proteids  of  the  bacterial  cells.  Special  enzymes  are  designated  by 
names  derived  from  those  of  the  bacilli  which  produce  them.  Thus 
the  bacteriolytic  enzyme  of  the  bacillus  pyocyaneus  is  known  as  pyo- 
cyanase  ; that  of  the  cholera  vibrio  as  cholerase,  etc.  It  is  supposed 
that  in  the  living  body  the  enzymes  of  pathogenic  bacteria  combine 
with  certain  albuminous  bodies,  probably  those  derived  from  the  leu- 
cocytes. The  substances  resulting  from  these  combinations  are  desig- 
nated immuneproteids,  and  one  of  these  is  distinguished  from  the 
others  by  prefixing  the  name  of  the  special  enzyme.  Thus  we 
have  pyocyanase-immuneproteid,  cholerase-immuneproteid,  typhase- 
immuneproteid,  etc. 

Emmerich  and  Low  have  shown  experimentally  that  pyocyanase 
readily  destroys  and  dissolves  anthrax  bacilli  in  vitro,  both  under 
aerobic  and  anaerobic  conditions.  They  have  also  shown  that  rab- 
bits inoculated  with  virulent  cultures  of  anthrax  do  not  die  if  they 
be  treated  with  solutions  of  pyocyanase.  In  these  experiments  the 
animals  received  their  first  treatment  simultaneously  with  the  inocu- 
lation or  directly  afterward,  and  subsequent  treatments  were  also 
given.  They  were  not  able  to  immunize  rabbits  to  anthrax  by  pre- 
vious treatment  with  solutions  of  pyocyanase.  However,  they  did 
succeed  in  preparing  artificially  pyocyanase-immuneproteids  with 
which  immunity  to  anthrax  was  secured.  In  these  experiments  con- 
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centrated  solutions  of  pvocyanase  were  obtained  either  by  evapora- 
tion of  old  filtered  cultures  of  the  bacillus  pyocyaneus  in  vacuo , or 
by  precipitation  of  the  enzyme  and  subsequent  solution  of  the  pre- 
cipitate. It  should  be  stated  that  Bouchard  has  successfully  treated 
anthrax  by  injection  of  cultures  of  the  bacillus  pyocyaneus,  and  also 
by  treatment  with  blood  serum  of  sheep  which  had  been  immunized 
to  the  streptococcus  of  erysipelas,  but  inasmuch  as  cultures  of  the  ba- 
cillus pyocyaneus  are  themselves  toxic,  Pettenkofer  very  properly  said 
of  this  treatment:  “One  drives  out  the  devil  with  Beelzebub.”  Em- 
merich and  Low  hold  that  the  pyocyanase  as  they  have  obtained  it 
is  free  from  toxic  action.  They  think  it  probable  that  the  poisonous 
constituents  of  filtered  cultures  of  this  bacillus  are  given  off  during 
the  process  of  evaporation  in  vacuo  or  are  separated  from  the  enzyme 
when  the  latter  is  precipitated  from  old  cultures.  At  least  it  ap- 
pears that  the  animals  which  they  treated  with  solutions  of  pyocya- 
nase were  not  injuriously  affected  by  the  injections.  Pyocyanase  also 
digests  typhoid,  diphtheria,  pest  and  cholera  bacilli. 

Pyocyanase,  as  precipitated  by  alcohol,  forms  a yellowish-green 
amorphous  substance  which  is  readily  soluble  in  water,  to  which  it 
imparts  a greenish  tint  similar  to  that  possessed  by  cultures  of  the 
bacillus.  The  aqueous  solution  is  distinctly  alkaline.  Both  Mil- 
Ion’s  reagent  and  the  biuret  reaction  fail  when  applied  to  aqueous 
solutions  of  pyocyanase,  while  a violet  coloration  is  produced  on 
heating  with  concentrated  hydrochloric  acid.  When  pyocyanase  is 
heated  with  caustic  potash  it  becomes  intensely  yellow,  and  on  the 
addition  of  lead  acetate  a blackish  deposit  is  formed,  thus  indicating 
that  this  substance  contains  sulphur.  It  is  an  interesting  fact  that 
this  enzyme  may  be  heated  to  90°  without  loss  to  its  bacteriolytic 
activity,  and  a temperature  of  98.5°  reduces,  but  does  not  wholly 
rob  it  of  this  property.  Notwithstanding  its  great  resistance  to  heat, 
Emmerich  and  Low  conclude  that  this  substance  must  be  classed 
among  the  enzymes  on  account  of  its  energetic  action  in  very  small 
amounts.  They  also  refer  to  the  investigation  of  Wiirtz,  who  has 
shown  that  the  ferment  papayotin  retains  its  peptonizing  action  after 
having  been  exposed  to  a temperature  of  105°.  If  a small  amount 
of  dry  pyocyanase  be  placed  in  a tube  of  gelatin  and  be  kept  at  22° 
the  contents  of  the  tube  are  completely  peptonized  within  twenty- 
four  hours.  It  also  acts  energetically  upon  fibrin. 

Emmerich  and  Low  conclude  their  first  paper  with  the  following 
statements  : (1)  The  fact  that  liquid  cultures  of  most  bacteria  cease 
to  develop  after  a few  days  or  weeks  is  due  to  the  elaboration  by  the 
bacteria  of  enzymes,  which  after  reaching  a certain  degree  of  concen- 
tration, dissolve  the  bacterial  cells.  (2)  There  are  bacteriolytic  en- 
zymes which  digest  not  only  their  own  bacteria,  but  others  as  well. 
(3)  The  curative  action  of  both  filtered  and  unfiltered  cultures  is  due 
to  the  presence  in  these  cultures  of  bacteriolytic  enzymes.  (4)  The 
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production  of  artificial  immunity  with  filtered  or  unfiltered  cultures  of 
pathogenic  bacteria  is  due  to  the  gradual  formation  within  the  body 
of  a compound  of  the  bacteriolytic  enzyme  with  some  albuminous 
body ; the  resulting  immune  proteid  retains  the  bacteriolytic  activ- 
ity of  the  original  enzyme.  (5)  This  combination,  which  takes  place 
very  slowly  in  the  animal  body,  may  be  speedily  brought  about  by 
chemical  reagents  in  vitro.  (6)  So-called  agglutination  is  nothing 
more  than  the  first  stage  of  bacteriolytic  action  of  enzymes.  (7) 
Immune  sera  manifest  their  bactericidal  action  more  energetically 
under  anaerobic  than  under  aerobic  conditions,  but  even  in  the  pres- 
ence of  air,  the  bacterial  enzymes  when  in  highly  concentrated  solu- 
tion show  marked  bactericidal  action.  (8)  There  are  bacterial  en- 
zymes which  in  the  animal  body  destroy  not  only  the  bacterial  cells, 
but  their  toxins  as  well.  For  instance,  pyocyanase  protects  animals 
which  have  been  treated  with  lethal  doses  of  diphtheria  toxin.  (9) 
Our  experiments  show  that  pyocyanase  may  be  used  successfully  in 
the  treatment  of  anthrax,  diphtheria,  pest,  etc.  (10)  By  means  of 
artificially  prepared  pyocyanase-immuneproteid  a high  degree  of  im- 
munity against  anthrax,  lasting  for  at  least  fourteen  days,  may  be 
secured.  (11)  A slight  elevation  of  temperature  (about  one  degree) 
observed  in  animals  with  anthrax  treated  with  pyocyanase  is  a result 
of  the  injection  of  the  enzyme.  (12)  The  bactericidal  action  of 
normal  blood  is  probably  due  to  the  presence  of  enzymes. 

In  their  second  paper  Emmerich  and  Low  detail  the  methods 
which  they  have  employed  in  the  preparation  of  their  nucleases  and 
immuneproteids.  The  organism  whose  enzyme  is  desired  is  grown 
in  a medium  which  is  as  free  as  possible  from  albuminous  constituents. 
This  is  necessary  in  order  that  the  enzyme  employed  may  be  obtained 
on  precipitation  with  alcohol  without  mixture  with  foreign  albumi- 
nous substances.  As  a culture  medium  for  the  bacillus  pyocyaneus, 
the  following  preparation  is  used  : 


Distilled  water, 

1,000.0 

Asparagin, 

5.0 

Sodium  acetate, 

5.0 

Dipotassium  phosphate, 

2.0 

Magnesium  sulphate, 

0.1 

Sodium  chlorid, 

2.0 

In  order  to  prepare  the  nucleases  in  large  quantities,  from  ten  to 
twelve  liters  of  the  above  medium  is  divided  in  portions  of  one-half 
liter  each  in  liter  flasks.  These  are  inoculated  and  allowed  to  grow  for 
some  weeks  at  25°,  and  then  for  some  weeks  longer  at  from  30°  to  37°. 
After  five  or  six  weeks  the  cultures  are  shaken  thoroughly  at  least 
once  in  twenty-four  hours,  and  when  finally  there  remains  only  a 
slight  deposit  of  germ  detritus,  the  supernatant  fluid  is  drained  off 
12 
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by  means  of  a vacuum  pump.  This  fluid  is  filtered  through  porce- 
lain and  evaporated  in  vacuo  at  from  20°  to  36°  to  one-tenth  its 
volume  or  less.  The  concentrated  enzyme  solution  is  deprived  of 
inorganic  salts  and  a part  of  its  toxic  constituents  by  dialysis,  con- 
tinued from  twelve  to  twenty-four  hours.  If  after  this  treatment  the 
presence  of  toxic  substances  can  be  shown  by  animal  experimenta- 
tion, three-tenths  per  cent,  of  trikresol  is  added  and  the  solution 
allowed  to  stand  for  a few  weeks  longer,  during  which  time  appar- 
ently the  bacteriolytic  enzyme  destroys  any  trace  of  toxic  substance 
that  may  be  present.  The  concentrated  solution  of  enzyme  thus  ob- 
tained has,  according  to  Emmerich  and  Low,  not  only  bactericidal 
properties,  but  also  the  capability  of  destroying  certain  toxins,  notably 
that  of  diphtheria,  in  the  animal  body.  As  has  been  stated,  these 
authors  were  not  able  to  immunize  animals  to  anthrax  with  the 
enzyme  of  the  bacillus  pyocyaneus,  but  this  object  they  were  able  to 
accomplish  by  the  employment  of  their  pyocyanase-immuneproteid. 
This  compound  they  have  prepared  in  several  ways,  one  of  which  is 
as  follows  : To  each  100  c.c.  of  the  concentrated  and  dialyzed  pyocy- 
aneus culture,  there  is  added  from  three  to  five  grams  of  fresh,  finely 
divided  spleen  pulp.  This  mixture  is  treated  with  three  per  cent, 
of  potassium  carbonate  and  digested  at  37°.  During  this  proc- 
ess of  digestion  the  suspended  bits  of  spleen  substance  apparently 
undergo  a process  of  agglutination,  resembling,  on  a magnified  scale, 
the  phenomenon  which  may  be  seen  in  bacterial  cultures.  It  has 
been  observed  that  the  hay  bacillus  may  develop  in  this  mixture 
during  the  digestion  process  unless  trikresol  has  been  added.  Fi- 
nally the  spleen  pulp  is  apparently  digested,  while  only  small  bits  of 
capsule  and  fiber  remained  undissolved.  When  this  method  is  prop- 
erly carried  out  there  is  formed,  according  to  the  statements  of 
Emmerich  and  Low,  a nuclease-immuneproteid  which  will  give  com- 
plete immunity  against  virulent  anthrax,  while  the  animal  thus 
treated  shows  no  elevation  of  temperature,  and  seems  to  remain  per- 
fectly well  in  every  respect. 

The  nuclease-immuneproteid  may  be  precipitated  by  the  addition 
of  ten  volumes  of  absolute  alcohol,  and  when  dried  in  vacuo  over 
sulphuric  acid  it  may  be  kept  for  an  indefinite  time  without  loss  of 
bacteriolytic  action.  Pyocyanase-immuneproteid  forms  a homoge- 
neous greenish  or  yellowish  powder,  which  has  been  found  to  be  ser- 
viceable both  in  the  production  of  immunity  and  in  obtaining  cure, 
after  it  has  been  kept  for  two  years.  This  substance  is  said  to  keep 
better  if  about  5 per  cent,  of  dextrin  be  dissolved  in  the  bacteriolytic 
solution  before  precipitation  with  alcohol. 

The  importance  of  the  claims  of  Emmerich  and  Low  can  hardly 
be  overestimated,  provided  they  be  confirmed  by  other  careful  work- 
ers, and  be  found  to  be  generally  applicable  to  the  infectious  diseases. 
To  one  who  has  followed  the  above  given  account  of  their  investiga- 
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tion,  it  must  be  evident,  provided  they  have  not  fallen  into  error 
somewhere,  that  they  have  succeeded  in  preparing  antitoxin  artifi- 
cially, and  if  their  statements  be  confirmed  it  must  be  admitted  that 
Ehrlich’s  theory  concerning  the  nature  of  antitoxin  must  be  consider- 
ably modified.  Final  decision  on  this  matter  must  await  future  in- 
vestigations. 

When  animals  are  immunized  by  successive  treatments  with  a 
microorganism  or  its  products,  the  blood  serum  and  other  fluids  ob- 
tained from  the  body,  acquire  either  bactericidal  or  antitoxic  prop- 
erties. In  some  instances  the  immunity  secured  is  wholly  anti-bac- 
terial, while  in  others  it  is  antitoxic.  It  will  thus  be  seen  that  in  the 
production  of  artificial  immunity  we  may  expect  to  find  marked  dif- 
ferences depending  upon  the  microorganism  used,  and  the  kind  of 
animal  immunized.  We  will  first  discuss  bacterial  immunity.  The 
bactericidal  properties  possessed  by  the  fluids  of  the  body  of  the  im- 
munized animal  may  manifest  themselves  only  by  an  inhibitory  action 
on  the  growth  of  the  germ,  or  by  partially  depriving  it  of  its  capa- 
bility of  elaborating  toxins.  Early  in  his  investigations  of  this  sub- 
ject, Metschnikoff  found  that  anthrax  bacilli  grown  on  the  blood 
serum  of  sheep  immunized  to  this  disease  are  without  effect  upon 
rabbits,  but  are  still  possessed  of  enough  vitality  to  induce  fatal 
anthrax  in  mice.  This  indicates  that  there  is  something  in  the  blood 
serum  of  the  immunized  sheep  which  reduces  the  virulence  of  the 
anthrax  bacillus.  In  some  instances  the  inhibitory  action  of  the 
immune  serum  manifests  itself  by  depriving  the  bacterium  of  its 
ability  to  produce  certain  of  its  characteristic  products.  Thus,  as 
has  already  been  stated,  Charrin  and  Roger  found  that  when  the 
bacillus  pyocyaneus  is  grown  in  the  blood  serum  of  animals  im- 
munized to  this  microorganism  it  no  longer  produces  its  character- 
istic coloring  matter.  The  inhibitory  action  of  the  body  fluids  may 
not  be  permanent,  and  when  the  bacillus  is  removed  from  their  direct 
influence  it  may  recover  all  of  its  ordinary  virulence.  Bordet  found 
that  when  streptococci  grown  in  the  serum  of  immunized  horses  were 
completely  freed  from  this  medium  they  are  as  virulent  as  those  de- 
veloped in  the  blood  serum  of  an  unvaccinated  horse,  and  Roger  ob- 
served that  the  same  microorganisms  grow  well  in  the  serum  of  im- 
munized rabbits,  but  that  when  thus  grown  and  injected  into  other 
animals  along  with  some  of  the  immune  serum,  they  induce  only  a 
temporary  local  disturbance.  Next  he  inoculated  rabbits  with  normal 
streptococci  placed  in  the  blood  serum  of  immunized  animals  and 
found  that  the  rabbits  treated  with  this  mixture  remained  well,  while 
those  in  which  the  streptococci  and  the  serum  were  injected  into  dif- 
ferent parts  of  the  body  succumbed  to  the  infection. 

The  phenomenon  of  agglutination  is  a manifestation  of  the  in- 
hibitory action  of  the  sera  of  immunized  animals  on  their  homologous 
bacteria.  The  fact  that  there  may  be  immunity  without  agglutina- 
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tion,  and  vice  versa,  is  no  proof  that  this  phenomenon  is  not  a result 
of  inhibitory  action  in  those  cases  in  which  it  does  occur.  It  should 
be  understood  that  agglutination  is  only  one  of  various  indications 
that  the  body  juices  of  immunized  animals  rob  their  homologous  bac- 
teria in  part  of  their  virulence.  Why  agglutination  does  not  take 
place  in  all  instances  we  are  not  as  yet  able  to  determine,  but  when 
it  does  occur  it  is  an  indication  that  the  blood  of  the  immunized  ani- 
mal has  some  detrimental  effect  upon  the  growth  and  virility  of  the 
microorganism.  It  is  true,  as  Metschnikoff  has  pointed  out,  that 
agglutination  is  not  uniformly  observed,  and  that  there  are  im- 
munized animals  which  furnish  sera  in  which  the  homologous  bac- 
teria grow  quite  normally,  but  this  observation  does  not  overthrow 
the  fact  that  agglutination  is  an  evidence  of  the  detrimental  effect  of 
the  sera  of  immunized  animals  on  the  bacteria  to  which  such  animals 
have  been  immunized. 

In  some  instances  the  body  juices  of  the  immunized  animal  mani- 
fest a bactericidal  action  on  their  homologous  microorganisms,  but 
have  no  effect  on  their  toxins.  This  was  shown  to  be  the  case  by 
Metschnikoff  in  his  experiment  upon  the  coccobacillus  of  swine  plague. 
The  blood  sera  of  animals  immunized  to  this  bacterium  protect 
rabbits  against  infection,  but  furnish  no  protection  against  the  toxin. 
In  this  instance  we  have  to  do  with  purely  antiinfectious  phenomena. 
The  immunity  secured  is  antibacterial  and  not  antitoxic.  The  anti- 
infectious properties  of  the  body  juices  are  not,  in  all  instances  at 
least,  strictly  specific.  The  sera  of  certain  immunized  animals  have 
a bactericidal  action  not  only  on  their  homologous  bacteria,  but 
sometimes  on  closely  related  microorganisms.  Indeed  in  some  in- 
stances it  is  not  necessary  that  the  relationship  between  the  bacteria 
affected  in  like  manner  by  these  antiinfectious  sera  should  be  close. 
Thus,  as  has  already  been  stated  in  the  chapter  on  agglutinins,  the 
blood  serum  of  animals  immunized  to  the  cholera  vibrio  also  aggluti- 
nates several  other  vibrios,  and  it  has  been  shown  by  Issaeff  that  the 
blood  serum  of  animals  immunized  to  the  vibrio  of  Metschnikoff  has 
also  an  antiinfectious  action  on  the  pneumococcus.  It  has  also  been 
shown  that  normal  serum  may  in  some  instances  manifest  marked 
antiinfectious  properties.  For  instance,  one-tenth  cubic  centimeter 
of  the  blood  serum  of  a healthy  man  suffices  to  protect  guinea-pigs 
against  cholera  peritonitis,  and  it  is  well  known  that  frequently  the 
blood  serum  of  men,  who  have  never  had  typhoid  fever,  agglutinates 
readily  the  bacillus  of  this  disease.  Not  only  is  this  the  case,  but 
the  blood  serum  of  such  men  may  protect  animals  against  the  perito- 
nitis normally  induced  in  them  by  the  typhoid  bacillus.  It  follows 
from  these  obser%rations,  which  might  easily  be  multiplied,  that  the 
blood  of  normal  animals  frequently  contains  antiinfectious  substances. 

The  bacteriolytic  effect  is  the  most  marked  form  of  bactericidal 
action  that  has  been  observed  in  the  body  juices  of  artificially  im- 
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munized  animals.  Of  course,  when  the  blood  scrum  completely  dis- 
solves its  homologous  bacterium,  it  so  completely  destroys  it  that  it 
has  no  longer  either  infectious  or  toxic  properties.  It  has  been 
shown  cpiite  positively  that  agglutinins  and  lysins  are  not  identical, 
but  the  probabilities  are  that  they  represent  the  products  of  different 
stages  reached  in  the  process  of  immunization.  A given  blood 
serum  may  have  an  agglutinating  action,  and  be  without  bacteriolytic 
effect,  or  vice  versa,  but  it  must  be  admitted  that  the  possession  of 
either  one  of  these  properties  by  the  body  juices  militates  against  the 
growth  of  the  infectious  agent,  and  consequently  each  must  be  con- 
sidered as  a factor  in  the  production  of  artificial  immunity. 

The  question  concerning  the  origin  of  the  antiinfectious  substances 
in  the  production  of  artificial  immunity  is  one  concerning  which  at 
present  we  can  do  but  little  more  than  theorize.  The  weight  of  evi- 
dence seems  to  be  in  favor  of  the  view  that  by  successive  injections 
of  the  microorganism  or  its  products  the  leucocytes  are  stimulated 
to  increased  secretion  of  germicidal  substances.  Metschnikoff  claims 
that  it  is  a general  rule  that  phagocytosis  is  more  pronounced  in  im- 
munized animals  than  in  those  not  immunized.  He  states  that 
when  a microorganism  is  injected  into  an  animal  which  has  been 
immunized  to  this  germ,  the  phagocytes  of  the  animal  take  up  the 
invader  more  promptly  than  is  done  when  susceptible  animals  are 
inoculated  with  the  same  germ.  That  phagocytosis  is  more  marked 
in  immunized  animals  is  shown  by  introducing  the  microorganism  in 
localities  ordinarily  free  from  phagocytes,  such  as  the  subcutaneous 
tissue  and  the  anterior  chamber  of  the  eye.  When  this  experiment 
is  made,  the  phagocytes  collect  at  the  point  of  inoculation  very  much 
as  they  do  in  an  animal  possessed  of  natural  immunity,  and  there 
they  devour  the  invading  organism.  The  probabilities  certainly  are 
that  the  bactericidal  substances  found  in  the  serum  of  immunized 
animals  originate  in  the  phagocytes,  whose  capability  of  secreting 
this  substance  is  heightened  by  the  process  of  immunization.  Un- 
doubtedly it  is  true  that  phagolysis  also  plays  a part  in  increasing 
the  antiinfectious  properties  of  the  body  juices  of  immunized  animals. 

We  now  turn  to  a discussion  of  the  subject  of  immunity  to  bac- 
terial toxins.  Owing  to  the  fact  that  in  the  chapter  on  lysins  we 
have  developed  quite  fully  Ehrlich’s  views  on  this  subject,  a brief 
statement  will  be  all  that  will  be  necessary  at  this  place.  According 
to  Ehrlich,  we  are  to  consider  that  certain  cells  of  the  animal  body 
consist  of  a nucleus,  which  he  designates  as  a “ special  executive  cen- 
ter,” from  which  there  radiate  many  side  chains.  It  must  be  under- 
stood that  this  is  a chemical  and  not  a morphological  conception  of 
the  cell.  These  side  chains  physiologically  are  concerned  in  processes 
of  nutrition.  Nutritive  substances  brought  to  the  cells  by  blood  or 
lymph  can  be  utilized  in  its  nutrition  only  after  they  have  entered 
into  combination  with  one  or  more  of  the  side  chains.  It  is  con- 
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ceivable  that  some  of  these  side  chains  combine  with  carbohydrates, 
others  seize  upon  proteids,  and  others  still  may  fasten  themselves  to 
molecules  of  fat.  In  this  way  all  serve  in  securing  nutritive  material 
for  the  growth,  repair,  or  reproduction  of  the  cell.  It  is  also  possi- 
ble that  certain  pharmacological  agents  act  upon  the  different  tissues 
of  the  body  by  virtue  of  combinations  effected  with  these  cellular 
side  chains.  Now,  in  order  for  any  substance  to  be  poisonous  to  a 
given  animal,  there  must  be  in  the  body  of  that  animal  cells  with 
side  chains  capable  of  combining  with  the  substance.  A body  which 
is  unable  to  effect  a combination  with  any  animal  tissue  cannot 
be  poisonous.  It  is  not  supposed  that  cells  possess  side  chains 
especially  provided  for  the  purpose  of  combining  with  poisons,  but 
it  is  possible  that  certain  atomic  groups  which  ordinarily  are  con- 
cerned in  securing  nutritive  material  for  the  cell,  may  combine  with 
substances  which  are  capable  of  bringing  about  cellular  destruction. 
On  account  of  the  close  chemical  resemblance  between  the  bacterial 
toxins  and  certain  food  principles,  notably  those  proteid  in  character, 
this  supposition  seems  quite  plausible.  In  the  first  place,  then,  we 
may  say  that  the  body  cells  must  possess  toxophil  side  chains.  By 
this  we  mean  that  in  the  molecular  construction  of  certain  constit- 
uents of  the  cell  there  are  groups  of  atoms  which  may  combine  with 
bacterial  toxins.  In  the  second  place,  a given  substance,  in  order  to 
be  toxic,  must  possess  certain  cytophil  side  chains.  Both  the  toxo- 
phil groups  of  the  cell,  and  the  cytophil  groups  of  the  toxin  may 
be  designated  as  haptophorous  bodies.  This  means  that  it  is  by  virtue 
of  these  groups  that  the  toxin  enters  into  combination  with  certain 
molecules  within  the  cell.  However,  the  toxin  is  possessed  not  only 
of  a haptophorous,  but  also  of  a toxophorous  group,  and  it  is  by  virtue 
of  the  latter  that  injury  to  the  cell  may  be  accomplished.  The  or- 
dinary nutritive  products  must,  according  to  this  theory,  possess 
cytophil  haptophorous  side  chains,  but  they  do  not  contain  the  tox- 
ophorous element.  Now  when  a small  amount  of  a bacterial  toxin  is 
introduced  into  the  body  of  a susceptible  animal,  by  virtue  of  its 
haptophorous  group  it  combines  with  some  cell  in  the  body.  Whether 
or  not  it  causes  a destruction  of  that  cell  depends  upon  the  immediate 
injury  done  by  this  combination.  If  the  toxin  be  introduced  in 
sufficiently  large  quantity,  it  may  completely  destroy  the  cell,  and  if 
a sufficient  number  of  cells  be  destroyed,  death  will  result.  If,  on 
the  other  hand,  the  amount  of  toxin  introduced  be  relatively  small, 
and  the  number  of  toxophil  groups  in  the  cell  used  up  in  the  com- 
bination be  also  small,  the  cell  soon  recovers  from  the  slight  injury 
done  it,  but  recovers  deprived  of  the  side  chain  which  has  combined 
with  the  toxin.  Feeling  this  loss  and  needing  this  side  chain  in 
order  to  supply  itself  with  nutritive  material,  the  cell  throws  out  a 
new  side  chain,  and  when  stimulated  by  frequent  introduction  of 
small  quantities  of  toxin,  it  finally  not  only  makes  good  the  loss  with 
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which  it  has  met,  but  throws  out  more  side  chains  than  it  can  possi- 
bly use.  In  other  words,  the  over-stimulated  cell  secretes,  as  it  were, 
toxophil  groups,  and,  as  frequently  happens  in  case  of  tissue  stim- 
ulation, the  process  continues  to  a point  of  over-compensation. 
Finally  the  excess  of  toxophil  groups  thrown  out  by  the  cell  be- 
comes so  great  that  many  of  them  are  cast  off  into  the  blood,  lymph, 
and  other  fluids  of  the  body.  These  cast-olf  toxophil  groups  con- 
stitute the  antitoxin.  Now  if  a toxin  be  introduced  into  the  body 
of  an  animal  whose  blood  and  lymph  are  filled  with  loose  toxophil 
groups,  the  toxin  is  neutralized  by  these  detached  side  chains,  and 
the  cell  escapes  injury  altogether.  In  this  way  Ehrlich  accounts  for 
the  formation  of  antitoxins  and  the  production  of  toxin  immunity. 
If  the  blood  serum  of  an  immunized  animal  be  injected  into  a non- 
immune  animal  and  the  latter  be  treated  with  the  homologous  toxin 
the  poison  thus  introduced  combines  with  the  antitoxin  dissolved  in 
the  body  juices,  and  the  cells  of  the  animal  thus  treated  wholly  escape 
any  injurious  effects.  It  may  be  well  at  this  point  to  make  the  fol- 
lowing quotation  from  Ehrlich’s  own  statement  on  the  subject : 
“ The  theory  above  developed  allows  of  an  easy  and  natural  explana- 
tion of  the  origin  of  antitoxins.  In  keeping  with  what  has  already 
been  said,  the  first  stage  in  the  toxic  action  must  be  regarded  as  being 
the  union  of  the  toxin  by  means  of  its  haptophorous  group  to  certain 
side  chains  of  the  cell  protoplasm.  This  union  is,  as  animal  experi- 
ments with  a great  number  of  toxins  show,  a firm  and  enduring  one. 
The  side  chain  involved,  so  long  as  the  union  lasts,  cannot  exercise 
its  normal  nutritive  physiological  function — the  taking  up  of  definite 
food-stuff’s.  It  is,  as  it  were,  shut  out  from  participating,  in  a 
physiological  sense,  in  the  life  of  the  cell.  We  are,  therefore,  now 
concerned  with  a defect  which,  according  to  the  principles  so  ably 
worked  out  by  Professor  Carl  Weigert,  is  repaired  by  regeneration. 
These  principles,  in  fact,  constitute  the  leading  conception  in  my 
theory.  If,  after  union  has  taken  place,  new  quantities  of  toxin  are 
administered  at  suitable  intervals  and  in  suitable  quantities,  the  side 
chains  which  have  been  reproduced  by  the  regenerative  process  are 
taken  up  anew  into  union  with  the  toxin,  and  so  again  the  process 
of  regeneration  gives  rise  to  the  formation  of  fresh  side  chains.  In 
the  course  of  the  progress  of  typical  systemic  immunization,  as  this 
is  practised  in  the  case  of  diphtheria  and  tetanus  toxin  especially, 
the  cells  become,  so  to  say,  educated  or  trained  to  reproduce  the 
necessary  side  chains  in  ever-increasing  quantities.  As  Weigert  has 
confirmed  by  many  examples,  this,  however,  does  not  take  place  as  a 
simple  replacement  of  the  defect.  The  compensation  proceeds  far 
beyond  the  necessary  limit ; indeed,  over-compensation  is  the  rule. 
Thus  the  lasting  and  ever-increasing  regeneration  must  finally  reach 
a stage  at  which  such  an  excess  of  side  chains  is  produced  that,  to 
use  a trivial  expression,  the  side  chains  are  present  in  too  great  a 
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quantity  for  the  cell  to  carry,  and  are,  after  the  manner  of  a secre- 
tion, handed  over  as  needless  ballast  to  the  blood.  Regarded  in  ac- 
cordance with  this  conception,  the  antitoxins  represent  nothing  more 
than  side  chains  reproduced  in  excess  during  regeneration,  and  there- 
fore pushed  off  from  the  protoplasm,  and  so  coming  to  exist  in  a free 
state.  With  this  explanation,  the  phenomena  of  antitoxin  formation 
lose  all  their  strange,  one  might  say,  miraculous  characters.” 

It  should  be  stated  that  according  to  Ehrlich’s  theory  the  anti- 
infectious  substances  originate  in  the  body  of  the  inoculated  animal 
in  a manner  similar  to  that  by  which  antitoxins  are  produced.  On 
this  point  he  makes  the  following  statement : “ Much  more  complex 
than  in  the  cases  hitherto  discussed  are  the  conditions  when,  instead 
of  the  relatively  simple  metabolic  products  of  microbes,  the  living 
microorganisms  themselves  come  to  be  considered ; as  in  immunization 
against  cholera,  typhoid,  anthrax,  swine  fever,  and  many  other  infec- 
tious diseases.  There  then  come  into  existence  alongside  of  the  anti- 
toxins produced  as  a result  of  the  action  of  the  toxins,  manifold  other 
reaction  products.  This  is  because  the  bacterium  is  a highly  com- 
plicated living  cell,  of  which  the  solution  in  the  organism  yields  a 
great  number  of  bodies  of  different  nature,  in  consequence  of  which 
a multitude  of  antibodies  are  called  into  existence.  Thus  we  see  as 
a result  of  the  injection  of  bacterial  cultures,  that  there  arise  along- 
side of  the  specific  bacteriolysins,  which  dissolve  the  bacteria,  other 
products,  as,  for  example,  ‘ coagulins,’  i.  e.,  substances  which  are  able 
to  cause  the  precipitation  of  certain  albuminous  bodies  contained  in 
the  culture  fluid  injected ; also  the  so  much  discussed  ‘ agglutinins/ 
the  antiferments,  and  no  doubt  many  other  bodies  which  we  have 
not  yet  recognized.  It  is  by  no  means  unlikely  that  each  of  these 
reaction  products  finds  its  origin  in  special  cells  of  the  body ; on  the 
other  hand,  it  is  quite  likely  that  the  formation  of  any  single  one  of 
these  bodies  is  not  of  itself  sufficient  to  confer  immunity.  Thus  in 
case  of  the  introduction  of  bacteria  into  the  body,  we  have  to  do  with 
a many-sided  production  of  different  forms  of  ‘antibodies/  each  of 
which  is  directed  only  against  one  definite  quality  or  metabolic  product 
of  the  bacterial  cell.  Accordingly,  in  recent  times,  the  practice  of 
using  for  the  production  of  immunization  definite  toxic  bodies  isolated 
from  the  bacterial  cell  has  been  more  and  more  given  up,  and  for  this 
purpose  it  is  now  regarded  as  important  to  employ  the  bacterial  cells 
as  intact  as  possible.” 

According  to  Ehrlich’s  theory,  antitoxins  are  not  modified  toxins, 
but  are  the  products  of  certain  cells  of  the  animal  body,  and  are  pro- 
duced by  the  stimulation  of  these  cells  by  the  toxin.  If  it  can 
be  shown  that  antitoxins  have  their  origin  in  the  toxin  molecule, 
Ehrlich’s  theory  will  be  overthrown.  The  evidence  against  the 
theory  that  antitoxins  are  modified  toxins  is  well-nigh  conclusive,  and 
may  be  stated  as  follows  : (1)  The  taking  of  large  quantities  of  blood, 
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one  third  or  more  of  the  contents  of  the  body,  from  immunized  ani- 
mals, at  intervals  of  time  sufficiently  long  to  allow  the  animal  to  re- 
cover to  such  an  extent  that  its  health  is  not  seriously  impaired,  does 
not  diminish  the  immunity  of  this  animal  as  markedly  as  would  be 
expected  if  the  antitoxin  was  a modified  toxin,  and  the  quantity  of 
the  former  could  not  be  greater  than  the  quantity  of  the  latter  em- 
ployed in  immunizing  the  animal.  (2)  If  an  immunized  animal  be 
bled  to  death,  and  its  vascular  system  be  washed  with  physiological 
salt  solution  until  all  the  blood  that  can  possibly  be  washed  out  is 
removed,  yet  infusions  of  certain  tissues  of  this  animal  contain  anti- 
toxin. It  must,  however,  be  granted  that  the  tissues  may  retain 
some  of  the  modified  toxin  in  the  form  of  antitoxin  after  the  most 
thorough  washing  out  of  the  vascular  system.  (3)  The  quantity  of 
antitoxin  obtained  is  not  always  at  least  in  direct  proportion  to  the 
amount  of  toxin  used  in  the  production  of  the  immunity,  as  would 
necessarily  be  the  case  if  the  antitoxin  originated  in  the  toxin.  Cer- 
tainly it  must  be  admitted  that  if  the  antitoxin  comes  from  the  toxin, 
the  amount  of  the  former  produced  can  never  be  greater  than  the 
quantity  of  the  latter  used  in  its  production.  In  other  words,  a part 
can  never  be  greater  than  the  whole. 

It  has  been  claimed  by  some  that  toxins  can  be  converted  into 
antitoxins  by  the  action  of  electricity.  In  our  last  edition  we  made 
the  following  statement  concerning  this  claim  : “ Smirnow  has  writ- 
ten quite  at  length  to  show  that  toxins  may  be  converted  into  anti- 
toxins by  the  long-continued  action  of  an  electric  current.  We  fail 
to  find  in  his  recorded  experiments  any  justification  of  his  claim. 
He  makes  quite  a point  of  the  fact  that  during  the  continuance  of 
the  electrolysis  the  bouillon  becomes  more  deeply  colored  at  one  pole 
and  nearly  decolored  at  the  other.  Now,  the  merest  tyro  in  physio- 
logical chemistry  knows  that  acids  deepen  the  color  of  beef  tea,  urine, 
or  any  other  fluid,  the  coloring  matter  of  which  is  derived  from 
hemoglobin.  So  much  for  his  chemistry.  His  physiology  is  worse. 
When  he  administers  this  artificial  antitoxin  in  too  large  doses  he 
kills  his  animals;  and  of  what  do  they  die? — of  diphtheria.  He 
has  only  modified  and  reduced  the  virulence  of  his  diphtheria  toxin 
by  the  acid  generated  by  the  electrolysis  of  the  inorganic  salts  in 
the  bouillon.  Toxins  may  be  convertible  into  antitoxins,  and  elec- 
tricity may  be  the  agent  capable  of  inducing  this,  but  Smirnow  has 
proved  neither  one  nor  the  other.” 

Since  the  above  was  written  other  investigators  have  reported  the 
confirmation  of  Smirnow’s  results,  but  after  a careful  study  of  these 
reports  we  see  no  reason  for  changing  the  opinion  expressed  above. 
We  wall  investigate  only  one  of  these  reports.  Bolton  and  Pease1 
passed  electric  currents  through  bouillon  solutions  of  diphtheria 
toxin  and  found  that  5 c.c.  of  the  product  from  the  positive  pole 
’ Transactions  of  the  Association  of  American  Physicians,  11,  1896. 
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mixed  with  1 c.c.  of  diphtheria  toxin,  containing  ten  fatal  doses,  in- 
jected into  a guinea-pig  did  not  cause  death,  and  from  this  they  con- 
clude that  they  have  converted  the  toxin  into  antitoxin.  They  state 
that  during  the  electrolytic  progress  a peculiar  odor  resembling  that 
of  chlorid  of  lime  is  given  off,  “ but  it  was  found  that  the  fluid  con- 
tained only  one-tenth  of  one  per  cent,  of  chlorin.”  They  made  no 
control  experiment  in  order  to  determine  whether  or  not  this  amount 
of  chlorin  will  destroy  the  quantity  of  diphtheria  toxin  employed  by 
them,  and  until  such  an  experiment  has  been  made  we  will  be  in- 
clined to  the  opinion  that  the  5 c.c.  of  electrolyzed  solution  contained 
enough  chlorin  not  only  to  destroy  its  own  toxin,  but  also  that  in  the 
1 c.c.  of  non-electrolyzed  toxin  with  which  it  was  mixed. 

It  must  be  admitted  that  it  is  within  the  range  of  possibility  that 
antitoxins  may  contain  a ferment  derived  from  the  toxin,  and  which 
in  the  animal  body  during  the  process  of  immunization  has  com- 
bined with  the  constituents  of  certain  tissues.  This  view  is  in  ac- 
cord with  the  experimental  observations  of  Emmerich  and  Low, 
which  we  have  already  detailed. 

Ceutanni  endeavored  to  determine  experimentally  what  organ  or 
tissue  of  the  body  is  affected  in  the  production  of  immunity  against 
rabies.  His  work  consisted  in  endeavoring  to  induce  immunity  in 
a second  series  of  rabbits  by  treating  them  subcutaneously  with  the 
blood  serum  and  with  emulsions  made  from  the  various  organs  of  the 
members  of  a primary  series,  already  rendered  partially  or  wholly 
immune  by  the  ordinary  method.  In  doing  this  he  used  amounts  of 
each  tissue  proportional  to  the  weight  of  the  animal ; thus  the  central 
nervous  system  of  an  average  rabbit  is  equal  in  weight  to  one  three 
hundredth  part  of  the  total  body  weight  of  the  animal,  and  the  total 
blood  of  the  same  animal  furnished  an  amount  of  serum  equal  in 
weight  to  one  one  hundred  and  fiftieth  part  of  its  body  weight. 
Therefore  he  injected  into  a rabbit  weighing  1,800  grams,  six  grams 
of  nervous  tissue  made  into  an  emulsion,  and  into  another  of  the  same 
weight,  12  grams  of  blood  serum  taken  from  rabbits  already  made 
immune,  and  then  tested  the  immunity  of  the  members  of  this  second 
series.  Emulsions  of  other  tissues  were  employed  in  proportionately 
the  same  doses.  By  this  procedure  he  found,  as  he  thinks,  that  in 
the  production  of  immunity  against  rabies,  the  immunizing  substance 
is  stored  up  in  the  central  nervous  system.  Moreover  he  found  that 
the  immunizing  substance  remained  in  the  nervous  system  long 
after  it  had  disappeared  from  the  blood  and  other  organs.  Thus  it 
would  seem  that  Pasteur  hit  upon  the  right  thing  exactly  when  he 
selected  emulsions  of  the  spinal  cord  as  the  proper  material  with 
which  he  could  best  induce  immunity  against  hydrophobia.  From 
these  experiments,  Centanni  drew  the  general  conclusion  that  in  the 
production  of  immunity  against  any  diseases,  the  immunizing  sub- 
stance is  stored  up  in  greatest  quantity  and  most  permanently  in 
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that  organ  or  tissue  most  seriously  affected  by  the  disease.  The  ex- 
periments made  by  Roux  show  quite  conclusively  that  the  tetanus 
toxin  combines  with  brain  cells  and  it  may  be  said  that  this  is  a par- 
tial confirmation  of  the  general  law  which  Centanni  attempted  to 
formulate. 


CHAPTER  X. 

FOOD  POISONING  (Bromatotoxismus  ‘). 


Untoward  results  frequently  follow  the  eating  of  food  which  is 
ordinarily  harmless.  These  ill  effects  may  be  due  to  the  following 
causes  : (1)  Grains  may  become  infected  with  the  poisonous  parasitic 
fungi,  such  as  ergot.  (2)  Both  plants  and  animals  may  feed  upon 
substances  which  are  not  harmful  to  them  but  which  may  seriously 
affect  man  on  account  of  his  greater  susceptibility ; it  is  said  that 
birds  which  have  fed  upon  mountain  laurel  furnish  food  poisonous  to 
man.  (3)  The  flesh  of  some  animals  is  poisonous  during  the  period 
of  physiological  activity  of  certain  glands  ; this  is  true  of  certain  fish 
during  the  spawning  season.  (4)  Any  food  may  be  infected  with 
specific  germs  and  serve  as  the  carrier  of  infection  ; typhoid  fever  is 
frequently  disseminated  in  this  manner.  (5)  The  animal  may  be 
afflicted  with  a specific  disease,  and  this  may  be  transmitted  to  man 
in  the  meat  or  milk ; tuberculosis  may  be  spread  in  this  way.  (6) 
Foods  of  various  kinds  may  become  contaminated  with  saprophytic 
bacteria,  which  by  their  growth  elaborate  chemical  poisons  either 

1 The  following  is  a glossary  of  the  new  words  employed  in  this  article  : 

Bromatotoxismus,  fipuua  (fipdiparos),  food,  and  to^ikSv,  poison.  Food  poisoning 
or  poisoning  with  food. 

Bromatotoxicon.  A general  term  for  the  active  agent  in  a poisonous  food. 

Bromatotoxin.  A basic  poison  generated  in  food  by  the  growth  of  bacteria  or 
fungi. 

Galactotoxismus,  ya/.a  (ya?MKroc),  milk.  Milk  poisoning. 

Galactotoxicon. 

Galactotoxin. 

Ichthyotoxismus,  r, %6vr}  fish.  Fish  poisoning. 

Ichthyotoxicon. 

Ichthyotoxin. 

Kreotoxismus,  upear  or  upeuc,  meat.  Meat  poisoning. 

Kreotoxicon. 

Kreotoxin. 

Mytilotoxismus,  pvru.oc,  a sea-mussel.  Mussel  poisoning.  Used  already  by 
Husemann. 

Mvtilotoxicon.  # . 

Mytilotoxin.  The  name  given  by  Brieger  to  the  ptomain  discovered  by  him  in 
poisonous  mussel. 

Sitotoxismus,  oitoc,  cereal  food.  Poisoning  with  vegetable  food. 

Sitotoxicon. 

Sitotoxin. 

Tyrotoxismus,  rvpor,  cheese.  Cheese  poisoning.  Used  already  by  Husemann. 

Tyrotoxicon. 

Tyrotoxin.  . . . 

Husemann  uses  the  word  zootrophotoxismus  to  indicate  poisoning  with  animal 
food.  The  same  author  has  employed  the  word  halichthyotoxismus  to  designate 
poisoning  with  fish. 
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before  or  after  the  food  has  been  eaten ; this  is  the  most  common 
form  of  food  poisoning. 

Mytilotoxismus.— Judging  from  the  symptoms  induced,  there 
seem  to  be  three  kinds  of  poisonous  mussel.  In  some  cases  the  symp- 
toms resemble  those  induced  by  a gastro-intestinal  irritant.  For- 
dere  reports  the  case  of  a soldier,  who,  after  eating  a large  dish  of 
mussels,  suffered  from  nausea,  vomiting,  pain  in  the  stomach,  tenes- 
mus, and  rapid  pulse ; after  death,  which  occurred  within  two  days, 
the  stomach  and  intestines  were  found  inflamed  and  filled  with  tena- 
cious mucus.  Combe  and  others  also  reported  cases  of  the  choleraic 
form  of  mussel  poisoning. 

However,  the  symptoms  most  frequent  in  man  after  the  eating  of 
poisonous  mussels  are  more  purely  nervous.  A sensation  of  heat 
and  itching  appears,  usually  in  the  eyelids,  and  soon  involves  the 
whole  face,  and  perhaps  a large  portion  of  the  body.  An  eruption 
usually  called  nettle  rash,  though  it  may  be  papular  or  vesicular, 
covers  the  parts.  The  itching  is  most  annoying,  and  may  be  ac- 
companied by  marked  swelling.  Often  there  is  asthmatic  breathing, 
which  is  relieved  only  by  ether.  In  some  cases  reported  by  Mohr- 
ing  dyspnoea  preceded  the  eruption,  the  patients  became  insensible, 
the  face  livid,  and  convulsive  movements  of  the  extremities  were 
noticed.  Burrows  reports  similar  cases  with  convulsive  tremors, 
coma,  and  death  within  three  days. 

In  a third  class  of  cases  there  may  be  observed  intoxication  re- 
sembling that  of  alcohol,  followed  by  paralysis,  coma  and  death. 

In  1827,  Combe  observed  thirty  persons  poisoned,  two  of  them 
fatally,  with  mussels.  He  described  the  symptoms  as  follows  : 
“ None,  so  far  as  I know,  complained  of  anything  peculiar  in  the 
smell  or  taste  of  the  animals  and  none  suffered  immediately  after 
taking  them.  In  general,  an  hour  or  two  elapsed,  sometimes  more  ; 
and  the  bad  effects  consisted  rather  in  uneasy  feelings  and  in  de- 
bility than  in  any  distress  referable  to  the  stomach.  Some  children 
suffered  from  eating  only  two  or  three  ; and  it  will  be  remembered 
that  Robertson,  a young  and  healthy  man,  only  took  five  or  six.  In 
two  or  three  hours  they  complained  of  a slight  tension  of  the  stom- 
ach. One  or  two  had  cardialgia,  nausea  and  vomiting  ; but  these 
were  not  general  or  lasting  symptoms.  They  then  complained  of  a 
prickly  feeling  in  their  hands,  feet,  and  constriction  of  the  mouth 
and  throat,  difficulty  of  swallowing,  and  speaking  freely,  numbness 
about  the  mouth,  gradually  extending  to  the  arms,  with  great  de- 
bility of  the  limbs.  The  degree  of  muscular  debility  varied  a good 
deal,  but  was  an  invariable  symptom.  In  some  it  merely  prevented 
them  from  walking  firmly,  but  in  the  most  of  them  it  amounted  to 
perfect  inability  to  stand.  While  in  bed  they  could  move  their 
limbs  with  tolerable  freedom,  but  on  being  raised  to  the  perpendicu- 
lar posture  they  felt  their  limbs  sink  under  them.  Some  complained 
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of  a bad,  coppery  taste  in  their  mouths,  but  in  general  this  was  in 
answer  to  what  lawyers  call  a ‘ leading  question.’  There  was  slight 
pain  in  the  abdomen,  which  increased  on  pressure,  particularly  in 
the  region  ot  the  bladder,  which  organ  suffered  variously  in  its 
functions.  In  some  the  secretion  of  urine  was  suspended,  in  others 
it  was  free,  but  passed  with  pain  and  great  effort.  The  action  of 
the  heart  was  feeble ; the  breathing,  unaffected  ; the  face  pale,  ex- 
pressive of  much  anxiety  ; the  surface,  rather  cold  ; the  mental  fac- 
ulties, unimpaired.  Unluckily  the  two  fatal  cases  were  not  seen  by 
any  medical  person,  and  we  are,  therefore,  unable  to  state  minutely 
the  train  of  symptoms.  We  ascertained  that  the  woman,  in  whose 
house  were  live  sufferers,  went  away  as  in  a gentle  sleep,  and  that  a 
few  minutes  before  death  she  had  spoken  and  swallowed.” 

The  woman  mentioned  by  Combe  died  within  three  hours,  and  the 
other  death  was  that  of  a watchman,  who  was  found  dead  in  his  box 
six  or  seven  hours  after  he  had  eaten  of  the  mussels.  Post-mortem 
examination  of  these  showed  no  abnormality ; the  stomach  contained 
some  of  the  food  partially  digested.  The  explorer  Vancouver  re- 
ports four  cases  similar  to  those  observed  by  Combe  ; one  of  the 
sailors  died  in  five  and  one-half  hours  after  eating  the  mussels. 

Schmidtmann  has  reported  cases  observed  by  himself  in  some 
workmen  and  members  of  their  families,  who  had  partaken  of  mus- 
sels taken  near  a newly  constructed  dock.  The  symptoms  appeared, 
according  to  the  amount  eaten,  from  soon  after  eating  to  several 
hours  later.  There  was  a sensation  of  constriction  in  the  mouth, 
throat  and  lips.  The  teeth  were  set  on  edge  as  though  sour  apples 
had  been  eaten.  There  was  no  headache,  a sensation  of  flying  and 
an  intoxication  similar  to  that  produced  by  alcohol.  The  pulse  was 
hard  and  rapid  ; no  elevation  of  temperature  ; the  pupils  were  dilated 
and  reactionless.  Speech  was  difficult,  broken  and  jerky.  The 
limbs  felt  heavy ; the  patients  grasped  spasmodically  at  objects  and 
missed  their  aim.  The  legs  were  no  longer  able  to  support  the  body. 
The  knees  knocked  together.  There  was  nausea,  vomiting,  no  ab- 
dominal pain,  no  diarrhoea.  The  hands  began  to  feel  cold.  The 
sensation  of  cold  soon  extended  over  the  entire  body,  and  in  some 
the  perspiration  flowed  freely.  There  was  a feeling  of  suffocation, 
then  a restful  and  dreamless  sleep.  One  person  died  in  one  and 
three-quarter  hours,  another  in  three  and  one-half  hours,  and  a third 
in  five  hours,  after  eating  of  the  mussels.  In  one  of  these  fatal 
cases  rigor  mortis  was  marked  and  remained  for  twenty-four  hours. 
The  vessels  of  all  the  organs  were  distended,  only  the  heart  was 
empty.  There  was  marked  hyperemia  and  swelling  of  the  mucous 
membrane  of  the  stomach  and  intestines,  and  the  spleen  was  enor- 
mously enlarged,  and  the  liver  showed  numerous  hemorrhagic  infarc- 
tions. 

Many  theories  have  been  advanced  to  account  for  poisonous  mus- 
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sels.  It  was  formerly  believed  that  the  effects  were  due  to  the  cop- 
per which  the  animals  obtained  from  the  bottoms  of  vessels,  but  as 
Christison  remarks,  copper  does  not  produce  these  symptoms.  More- 
over, Ohristison  made  analysis  of  the  mussels  which  produced  the 
symptoms  observed  by  Combe,  and  was  unable  to  detect  any  copper. 
Bouchardat  found  copper  in  some  poisonous  mussels,  but  he  does  not 
state  the  amount  of  the  metal  nor  the  source  of  the  animals.  Edwards 
advanced  the  theory  that  the  symptoms  were  wholly  due  to  idiosyn- 
crasy of  the  consumer.  This  certainly  is  not  a tenable  hypothesis 
in  such  instances  as  those  reported  by  Combe  and  Schmidtmann, 
where  a large  number  or  all  those  who  partook  of  the  food  were 
affected.  Coldstream  stated  that  the  livers  of  poisonous  mussels  are 
larger,  darker,  and  more  brittle  than  normal,  and  these  changes  he 
believes  are  due  to  a diseased  condition  of  the  animals.  Many  have 
supposed  that  the  poisonous  effects  were  due  to  a peculiar  species  of 
medusa  upon  which  the  mussels  feed,  and  De  Beume  found  in  the 
vomited  matter  of  one  person  some  medusae  and  he  states  that  these 
are  most  abundant  during  the  summer,  when  mussels  are  most  fre- 
quently found  to  be  poisonous.  The  theory  of  Burrows  that  mussels 
are  always  poisonous  during  the  period  of  reproduction  at  one  time 
received  considerable  credit ; however,  cases  of  poisoning  have  oc- 
curred at  different  seasons  of  the  year.  In  1872,  Crumpe  suggested 
that  there  is  a species  of  mussel  which  is  in  and  of  itself  poisonous, 
and  this  species  is  often  mixed  with  the  edible  variety.  It  has  been 
stated  that  the  poisonous  species  has  a brighter  shell,  a sweet,  more 
penetrating,  bouillon-like  odor  than  the  non-poisonous  ; also  that  the 
flesh  of  the  former  is  yellow  and  that  the  water  in  which  they  are 
cooked  is  bluish.  This  theory,  however,  is  opposed  by  the  majority 
of  zoologists.  Mobius  states  that  the  peculiarities  of  the  supposed 
poisonous  variety  pointed  out  by  Virchow  and  Schmidtmann  are 
really  due  to  the  conditions  under  which  the  animals  live,  the  amount 
of  salt  in  the  water,  the  temperature  of  the  water,  whether  it  is 
moving  or  still  water,  the  nature  of  the  bottom,  etc.  He  also  states 
that  the  sexual  glands,  which  form  the  greater  part  of  the  mantle,  are 
white  in  the  male  and  yellow  in  the  female.  The  theory  of  a poison- 
ous species  has  been  abandoned  since  it  has  been  shown  that  edible 
mussels  may  become  poisonous  if  left  in  filthy  water  fourteen  days  or 
longer,  and,  on  the  other  hand,  poisonous  ones  may  become  fit  for 
food  if  kept  for  four  weeks  in  good  water. 

Cats  and  dogs  which  have  eaten  voluntarily  of  poisonous  mussels 
have  suffered  from  symptoms  similar  to  those  observed  in  man  ; and 
rabbits  have  been  poisoned  by  the  administration  of  the  water  in 
which  the  food  has  been  cooked.  A rabbit  treated  in  this  manner 
by  Schmidtmann  died  within  one  minute.  From  these  mussels 
Brieger  extracted  the  ptomai'n  mytilotoxin,  which  will  be  discussed 
in  a subsequent  chapter.  Whether  or  not  those  mussels  which  pro- 
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duce  other  symptoms  also  contain  ptomains  remains  for  future  in- 
vestigations to  determine. 

In  1887,  three  cases  of  mussel  poisoning,  one  fatal  case,  occurred 
at  Wilhelmshaven,  the  place  which  supplied  Brieger  with  the  mus- 
sels from  which  he  obtained  mytilotoxin.  Schmidtmann  found  that 
non-poisonous  mussels  placed  in  the  waters  of  this  bay  soon  became 
poisonous,  and  that  the  poisonous  mussels  from  the  bay  placed  in 
the  open  sea  soon  lose  their  toxic  properties.  Linder  has  found  in 
the  water  of  the  bay  and  in  the  mussels  living  in  it  a great  variety 
of  protozoa,  amoebae,  bacteria  and  other  organisms,  which  are  not  found 
in  the  water  of  the  open  sea  nor  in  the  non-poisonous  mussels.  He 
also  ascertained  that  if  the  water  of  the  bay  be  filtered,  non-poisonous 
mussels  placed  in  it  do  not  become  poisonous,  and  he  concludes  that 
poisonous  mussels  are  those  which  are  suffering  from  disease  due 
to  residence  in  filthy  water.  Cameron  makes  a somewhat  similar 
statement  about  the  poisonous  mussels  near  Dublin,  taken  from 
water  contaminated  with  sewage.  He  found  that  the  livers  of  these 
animals  were  much  enlarged,  and  from  them  he  obtained  a base  that 
is  probably  identical  with  mytilotoxin.  That  oysters  taken  from 
beds  near  the  outlet  of  sewers  may  be  contaminated  with  the  speci- 
fic germ  of  typhoid  fever  has  been  well  demonstrated,  within  the 
past  few  years,  and  that  they  may  become  poisonous  in  the  same 
way  that  mussels  acquire  harmful  properties  is  also  well  known. 
Pasquier  reported  cases  of  poisoning  at  Havre  from  the  eating  of 
oysters  taken  from  an  artificial  bed  near  the  outlet  of  a drain  from  a 
public  water  closet.  Christison  says  that  an  unusual  prevalence  of 
colic,  diarrhoea  and  cholera  at  Dunkirk  was  believed  to  have  been 
traced  to  an  importation  of  oysters  from  the  Normandy  coast.  There 
should  be  police  regulations  against  the  sale  of  all  kinds  of  mollusks, 
and  all  kinds  of  fish  as  well,  taken  from  filthy  water.  Special  at- 
tention should  be  given  to  localities  that  have  once  supplied  poison- 
ous food  of  this  kind.  Many  popular  rules  have  been  formulated 
for  the  easy  recognition  of  poisonous  mussels,  and  to  some  of  these 
credence  has  been  given  by  medical  authors.  An  unusually  large 
mussel  is  regarded  with  suspicion,  and  Lohraeyer  gives  measure- 
ments that  may  guide  the  person  in  search  of  this  article  of  food. 
Stress  is  placed  on  color  by  some,  and  one  is  advised  to  avoid  the 
dark  brown-blue,  and  purchase  the  dark-blue  or  dark  green-blue. 
We  may  expect  to  see  the  prudent  hungry  man  draw  from  his 
pocket  a scale  of  colors  and  carefully  compare  it  with  the  shell  of 
the  juicy  bivalve  before  he  consigns  it  to  his  digestive  organs,  if  he 
is  to  observe  the  rules  laid  down  in  some  recent  medical  works. 
Then  he  will  take  the  dimensions  of  the  whole,  measure  the  thick- 
ness of  its  shell,  and  then  its  strength,  for  we  are  informed  that  the 
poisonous  clam  has  a thin,  brittle  shell.  Seriously,  one  is  to  avoid 
shellfish  from  impure  water,  and  he  may  properly  insist  that  they 
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be  washed  in  clean  water,  and  certainly  one  should  avoid  eating  this 
kind  of  food  when  it  has  stood  for  a few  hours  at  summer  heat  in 
the  form  of  broth. 

Ichthyotoxismus. — Some  fish  are  always  poisonous  ; others  are 
poisonous  only  during  the  spawning  season,  and  still  others  are  sub- 
ject to  epidemic  bacterial  diseases,  and  those  affected  with  certain  of 
these  diseases  furnish  flesh  that  is  toxic  to  man,  or,  in  other  words, 
the  bacterial  disease  is  transmitted  to  man  with  his  food.  Lastly, 
fish,  like  other  kinds  of  meat,  may  become  infected  with  saprophytic 
germs  which  produce  toxins  poisonous  to  man.  The  Spaniards  use 
the  word  siguatera 1 to  designate  the  complex  of  symptoms  induced 
in  man  by  the  eating  of  fish  that  are  physiologically  poisonous  ; and 
Blanchard  proposes  the  general  adoption  of  this  term,  while  he 
suggests  that  the  word  botulismus  or  botulism  be  used  to  designate 
diseased  conditions  which  result  from  the  eating  of  any  kind  of  meat 
that  is  harmful  on  account  of  bacterial  infection.  His  statement  is 
substantially  as  follows  : “ There  are  two  distinct  categories  of  in- 
toxication with  the  flesh  of  vertebrates  : 

“ Botulismus  is  an  intoxication  induced  by  meat  invaded  by  mi- 
crobes and  containing  the  ptomains  elaborated  by  them  ; this  term 
is  applicable  not  only  to  disease  caused  by  market  meat,  but  also  to 
that  induced  by  preserved  foods. 

“ Siguatera  is  an  intoxication  caused  by  fresh  food,  not  infected 
by  bacteria,  and  in  which  the  poisonous  principles  are  leucomains 
formed  by  the  physiological  activity  of  the  tissues.  I propose  to 
designate  this  category  of  intoxication  by  the  word  siguatera,  a name 
employed  by  the  Spanish  physicians  of  the  Antilles  to  indicate 
poisoning  by  eating  fish.” 

While  we  have  not  accepted  Blanchard’s  nomenclature  as  appli- 
cable to  all  kinds  of  poisonous  meats,  the  distinction  made  by  him 
admirably  states  the  differences  in  the  two  kinds  of  fish  poisoning. 
It  is  a question  whether  or  not  we  shall  discuss  in  this  connection 
those  fish  whose  flesh  is  not  harmful,  but  which  are  supplied  with 
poisonous  glands.  However,  as  the  secretions  of  the  special  glands 
owe  their  toxic  properties  to  physiological  poisons,  we  will  include 
them  in  this  category  and  will  make  brief  mention  of  them. 

Kobert  makes  the  following  classification  of  poisonous  fish  : • 

1.  Many  fish  possess  poisonous  glands  that  are  connected  with 
their  barbed  fins  with  which  they  wound  their  enemies.  The 
structure  of  these  glands  is  similar  to  those  of  poisonous  snakes. 
After  the  removal  of  the  skin  containing  these  glands  the  flesh  is  not 
poisonous.  Such  are  Trachinus  draco  of  the  German  lakes,  and 
Serranus  scriba  of  the  Mediterranean  sea.  Stomias  boa  is  feared  on 
account  of  its  bite ; many  roaches  have  a poisonous  barb  in  the  tail. 
Bottard  describes  five  classes  of  fish  supplied  with  poisonous  glands. 

1 Pronounced  sig-wali-te'ra. 
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(1)  Of  this  class  Synanceia  brachio  is  a type  and  has  its  poison  ap- 
paratus in  the  dorsal  fin,  consisting  of  thirteen  barbs,  each  of  which 
has  two  poison  reservoirs.  Each  of  the  twenty-six  reservoirs  is 
supplied  with  ten  or  twelve  tubular  glands,  the  secretion  of  which 
is  a clear,  bluish,  feebly  acid  fluid.  Undiluted,  this  solution  causes 
local  gangrene  ; diluted,  it  induces  paralysis.  In  Plotosus  lanceatus 
in  front  of  the  ventral  fin  there  is  a hollow  barb  with  closed  end, 
connected  with  a poison  reservoir,  and  the  fluid  flows  only  when  the 
barb  is  broken.  (2)  Trachinus  draco  is  a typical  example  of  this 
class.  The  apparatus  of  Cottus  scorpio  and  C.  bubalis  also  is  of 
this  kind.  There  are  three  hollow  barbs  on  the  gill  cover  and  the 
reservoirs  connected  with  this  secrete  a poison  only  during  the 
spawning  season.  (3)  Thalassophryne  reticulata  has  two  hollow 
barbs,  one  on  the  gill  cover  and  the  other  on  the  back.  (4)  Murena 
helena  has  on  the  gills  an  open  pocket,  the  walls  of  which  are  lined 
with  cells  secreting  a poison  that  moistens  the  teeth.  (5)  Scorpena 
scropha  and  S.  porcus  have  open  poison  glands  connected  with  hol- 
low barbs  set  in  the  dorsal  and  ventral  fins.  Chemically  nothing  is 
known  of  the  nature  of  these  poisons  ; pharmacologically  it  has  been 
demonstrated  that  they  cause  severe  inflammation  of  the  subcuta- 
neous tissue. 

Trachinus  draco,  ordinarily  known  as  the  “ dragon-weaver  ” or 
“ sea-weaver,”  is  one  of  the  best  known  of  the  fish  possessed  of 
poisonous  barbs.  The  varieties  of  this  species  are  widely  distributed 
in  salt  waters.  It  is  a handsome  fish,  somewhat  resembling  the 
trout,  and  marked  with  blue  and  brown  stripes.  While  bathing, 
men  sometimes  wound  their  feet  with  the  barbs  of  this  fish  which 
lies  half  buried  in  the  sand.  It  also  happens  that  fishermen  some- 
times incautiously  prick  their  fingers  with  these  barbs.  Almost  im- 
mediately there  are  knife-like  pains  felt  about  the  wound  and  these 
quickly  extend  over  the  body.  Cardialgia  may  be  most  excruciat- 
ing and  there  is  a sensation  of  suffocation.  The  forehead  is  covered 
with  profuse  cold  perspiration,  and  the  heart  becomes  weak  and  beats 
intermittently.  Pain  and  terror  combine  to  render  the  condition 
agonizing  to  the  attendant.  Convulsions  with  mild  delirium  come 
on  and  finally  death,  occasionally  from  exhaustion,  supervenes. 
This1' is  the  history  of  a severe  case,  but  ordinarily  the  symptoms  are 
less  grave,  and  severe  local  pain  accompanied  by  oedema  and  fol- 
lowed by  gangrene  are  the  results.  Some  experiments  with  the 
poison  have  been  made  on  the  lower  animals,  especially  on  rabbits 
and  guinea-pigs.  If  the  thigh  of  one  of  these  animals  be  pierced 
with  the  barb  of  one  of  these  fish  there  is  a cry  of  pain  and  soon 
the  limb  begins  to  twitch.  The  entire  body  may  be  involved  in 
convulsive  movements,  which  resemble  those  due  to  strychnin,  inas- 
much as  they  are  intensified  by  touching  the  animal.  Respiration 
usually  becomes  difficult,  and  paralysis  of  the  posterior  extremities 
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often  results.  Death  may  occur  within  one  hour  after  the  infliction 
of  the  wound. 

Gressin  states  that  there  is  no  poison  gland  connected  with  the 
barbs  on  the  gill  cover  of  Trachinus  draco,  but  that  the  pocket,  in 
which  the  opercular  fin  lies,  is  lined  with  large  epithelial  cells,  which 
probably  secrete  the  poison.  This  substance  kills  small  fish,  frogs 
and  rats,  in  which  convulsions  and  fall  of  temperature  precede 
death.  One  drop  of  the  fluid  injected  subcutaneously  in  pigeons 
causes  convulsive  trembling  and  spasmodic  breathing.  While 
Gressin  found  that  the  poison  of  the  w'eaver-fish  at  Havre  induces 
convulsions  in  frogs,  Pohl  found  that  the  poison  of  the  same  fish 
from  the  Adriatic,  also  that  of  Trachinus  radiatus,  acts  as  an  ex- 
quisite heart  poison,  retarding  and  finally  arresting  this  organ  in 
diastole.  Its  effect  on  the  heart  is  not  altered  by  atropin,  camphor, 
caffein,  helleborein,  or  hydrastin.  Along  with  its  effects  on  the 
heart,  spontaneous  muscular  and  cutaneous  sensibility  are  impaired. 
A similar,  though  less  active,  poison  is  found  in  the  barb  of  the 
dorsal  fin.  The  small  immovable  barbs  in  the  dorsal  fin  of  the 
Scorpcena  porcus  (hog-fish),  so  much  dreaded  by  fishermen,  are  sup- 
plied with  an  analogous  but  less  active  poison.  Neither  the  blood 
serum  nor  the  raw  flesh  of  the  Trachinus  has  poisonous  properties. 

2.  The  fish  poisoning  so  well  known  in  Japan  is  due  to  different 
species  of  the  tetrodon  (fugu).  According  to  Remy,  there  are  in 
Japan  twelve  species  of  fish,  all  belonging  to  the  genus  Tetrodon, 
whose  ovaries  are  poisonous.  In  winter  when  the  ovaries  are  atro- 
phied they  are  less  harmful ; however,  Remy  reports  the  following 
experiments  made  with  fish  caught  during  the  winter  : Dogs  fed  upon 
the  ovaries  or  testicles  soon  sickened,  with  salivation,  severe  and  fre- 
quent vomiting  and  convulsive  muscular  contractions.  Soon  after 
the  poison  was  gotten  out  of  the  stomach  by  vomiting  recovery  fol- 
lowed. In  order  to  prevent  this  rapid  elimination  the  organs  were 
rubbed  up  in  a mortar  and  the  fluid  portion  administered  subcutane- 
ously. By  this  method,  notwithstanding  the  fact  that  the  experiments 
were  made  in  winter,  death  resulted  in  less  than  two  hours.  The 
symptoms  consisted  chiefly  of  disturbances  of  the  digestive  and 
nervous  systems.  The  most  important  were  uneasiness,  salivation, 
vomiting  of  much  mucus,  severe  contractions  of  the  abdomen,  then 
paralytic  symptoms,  relaxation  of  the  sphincters,  marked  dyspnoea, 
cyanosis  and  dilatation  of  the  pupils.  Death  was  due  to  dyspnoea. 
On  section  the  salivary  glands  and  pancreas  were  found  injected  and 
hyperemic.  There  were  small  hemorrhagic  spots  in  the  stomach  and 
intestines.  The  liver  and  kidneys  were  filled  with  dark  blood  as  is 
seen  in  death  from  asphyxiation.  No  structural  changes  could  be 
found  in  the  nervous  system. 

Miura  and  Takesaki  find  that  the  ripe  ovaries  of  Tetrodon  rubripes 
contain  a substance  which  induces  in  rabbits  acceleration  of  the  res- 
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piratory  movements,  paralysis  of  the  skeletal  muscles,  mydriasis, 
increased  peristalsis  of  the  intestines,  and  arrest  of  the  heart. 

Takahaschi  and  Inoko  find  the  fugu  poison  resistant  to  prolonged 
boiling  and  it  behaves  like  a basic  substance  in  its  reactions  with  the 
general  alkaloidal  reagents.  The  same  observers  claim  that  they 
have  induced  the  characteristic  symptoms  of  fugu  poisoning  by  in- 
jecting the  blood,  urine,  and  aqueous  contents  of  the  stomach  of  pa- 
tients into  the  abdominal  cavity  of  frogs. 

Tahara  reports  that  he  has  isolated  from  the  roe  of  the  tetrodon 
two  poisons.  One  of  these  is  a crystalline  base,  to  which  he  has 
given  the  name  tetrodonin;  while  the  other  is  a white,  waxy  body, 
and  is  designated  as  tetrodonic  acid.  While  both  are  markedly  poi- 
sonous, the  acid  is  more  active  than  the  base.  Of  993  cases  of  fugu 
poisoning  reported  in  Tokio  from  1885  to  1892  inclusive,  680  were 
fatal — a mortality  of  more  than  68  per  cent. 

A disease  known  as  kakk6  was  at  one  time  very  prevalent  in 
Japan  and  other  countries  along  the  Eastern  coast  of  Asia.  Many 
theories,  some  of  which  were  quite  naturally  founded  upon  the  super- 
stitions of  that  part  of  the  world,  have  been  advanced  to  account  for 
the  etiology  of  this  disease ; however,  with  the  opening  up  of  Japan 
to  the  civilized  world,  an  investigation  by  scientific  methods  was 
undertaken  by  foreign  physicians  and  by  the  observant  and  intelli- 
gent natives  who  had  acquired  their  medical  training  in  Europe  and 
America.  It  was  soon  ascertained  that  this  disease  was  confined  to 
the  sea  coast  districts,  and  particularly  to  the  natives,  Americans  and 
Europeans  living  in  Japan  being  almost  wholly  exempt.  With  im- 
proved transportation,  kakk6  was  found  to  extend  towards  the  in- 
terior of  Japan.  Among  the  natives,  the  most  robust  seemed  to  be 
most  prone  to  the  disease.  With  these  observations  the  following 
additional  facts  were  recognized  : (1)  The  inhabitants  of  the  coast 
were  formerly  the  only  natives  who  partook  largely  of  sea-fish  ; (2) 
improved  transportation  carried  these  food  products  toward  the  in- 
terior ; (3)  the  foreigners  did  not  consume  these  fish  so  largely  as 
the  natives  did ; (4)  among  the  natives  the  most  robust  would  quite 
naturally  eat  more  food  of  any  and  all  kinds  than  the  less  vigorous. 
The  above-mentioned  observations  led  Miura  to  define  the  disease  as 
follows : “ Kakk6  is  a chronic  or  subacute,  seldom  an  acute,  intoxi- 
cation due  to  the  consumption  of  certain  kinds  of  fish.”  He  then 
set  himself  to  solve  the  questions:  (1)  What  fish  are  the  bearers  of 
the  poison?  (2)  In  what  conditions  are  these  fish  poisonous?  In 
Tokio  the  disease  generally  appears  in  May,  reaches  its  greatest 
prevalence  in  August  and  gradually  disappears  in  September  and 
October.  This  would  indicate  that  if  the  disease  were  due  to  eating 
fish,  the  poisonous  species  must  be  those  that  are  in  demand  from 
May  to  September.  Six  species  were  found  to  be  most  abundantly, 
in  fact  almost  exclusively,  used  at  this  time  of  the  year ; and  all  of 
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these  belong  to  the  family  of  Scombridte.  This  is  in  accordance 
with  the  observations  of  Gubarew,  who  has  reported  cases  of  poison- 
ing from  eating  Scombrida  saba.  However,  the  etiological  relation 
of  these  fish  to  kakk6  cannot  be  said  to  be  positively  established,  and 
it  is  true  that  in  some  parts  of  the  world  certain  species  of  the  Scom- 
bridee  are  eaten  without  injurious  effects.  Nothing  definite  is  known 
about  the  nature  of  the  poison  of  these  fish,  nor  has  it  been  deter- 
mined whether  the  active  agent  is  a physiological  product  of  certain 
glands  or  a result  of  bacterial  activity. 

Petromyzon  fluviatilis,  which  is  not  classed  among  fish  by  modern 
zoologists,  causes,  according  to  Prochorow,  a bloody  diarrhea,  fre- 
quently observed  in  the  Jamberg  district  of  Russia.  This  occurs 
whether  the  animal  is  eaten  raw  or  thoroughly  cooked,  and  it  is 
stated  that  if  salt  be  sprinkled  on  the  animal  while  it  is  alive  its 
skin  secretes  an  abundant  discharge  of  mucus,  and  after  this  the 
flesh  is  not  poisonous.  Bohm  and  others  have  expressed  some  doubt 
about  any  species  of  fish  being  pei'  se  poisonous.  They  have  been 
inclined  to  attribute  the  effect  so  frequently  observed  to  one  or  the 
other  of  the  following  causes  : (1)  Meat  rapidly  undergoes  putre- 
factive changes  and  the  ill  effects  are  due  to  true  botulism.  (2)  The 
observed  untoward  symptoms  are  explainable  by  supposing  the  ex- 
istence of  a marked  idiosyncrasy  in  the  consumer.  That  the  first 
supposition  is  not  true  is  shown  by  the  following  facts  : (1)  Poison- 
ing with  perfectly  fresh  fish  occurs  not  only  in  the  tropics,  where 
decomposition  goes  on  rapidly,  but  in  the  temperate  zone  as  well, 
and  during  seasons  of  the  year  and  under  conditions  that  exclude  the 
possibility  of  the  ill  effects  being  due  to  putrefactive  changes  in  the 
meat.  (2)  Certain  species  of  tetrodon  and  other  fish  are  so  well 
known  to  be  poisonous,  even  when  perfectly  fresh,  that  their  con- 
sumption is  at  times  resorted  to,  notably  in  China  and  Japan,  for 
suicidal  purposes.  That  the  symptoms  are  not  due  to  idiosyncrasy 
in  the  consumer  is  demonstrated  by  the  effects  of  the  flesh  and  of 
the  expressed  juice  upon  the  loAver  animals. 

3.  Cluppea  thrissa  and  C.  venenosa,  also  certain  species  of  Scams, 
have  no  poisonous  glands,  nor  are  their  reproductive  organs  more 
poisonous  than  other  parts  of  the  body ; still  the  flesh  of  these  fish  is 
always  poisonous.  According  to  Gunther,  their  harmful  properties 
are  due  to  the  medusm,  corals,  and  other  decomposing  substances 
upon  which  they  feed.  In  the  West  Indies  it  is  a well-known  fact 
that  all  the  fish  caught  off  certain  coral  banks  are  poisonous  and  that 
every  part  of  the  animal  is  unfit  for  food.  The  symptoms  are  those 
of  a gastroenteritis,  and  death  frequently  results. 

It  has  been  suggested  that  ichthyotoxismus  may  be  due  to  substances 
of  vegetable  origin  which  are  employed  in  some  countries,  notably 
by  savage  and  partly  civilized  peoples,  to  kill  the  fish.  That  this 
may  be  true  in  some  instances  is  possible,  but  that  this  explanation 
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is  not  generally  applicable  is  shown  by  the  observation  that  where 
this  method  of  obtaining  fish  for  food  is  most  frequently  employed, 
no  ill  results  follow,  and  where  it  is  not  resorted  to  cases  of  fish 
poisoning  may  be  very  common.  According  to  Husemann,  Cocculus 
Indicus  has  been  employed  for  the  purpose  of  poisoning  fish.  The 
leguminous  plant  Piscidia,  of  the  West  Indies,  owes  its  name  to  this 
use  of  its  bark.  In  the  Dutch  East  Indies  the  cortex  of  the  root  of 
Derris  elliptica  and  the  seed  of  Pachyrrhinus  angulatus  are  employed 
for  this  purpose.  Both  of  these,  according  to  Greshof,  contain  a 
non-nitrogenous  substance  which  is  highly  poisonous  to  fish,  and  rela- 
tively harmless  to  other  animals.  An  extract  of  the  derris  root, 
which,  in  Borneo,  is  also  used  as  an  arrow  poison,  kills  fish  when 
mixed  with  water  in  the  proportion  of  1 : 25,000,  and  the  active  prin- 
ciple in  a dilution  of  1 : 5,000,000.  Greshof  has  isolated  both  of 
these  poisons  and  named  them  derrid  and  pachyrrhizid.  A legumen, 
Tephrosia  ichthyonecea,  from  West  Africa,  also  yields  a non-ni- 
trogenous  poison,  but  this  affects  other  animals  as  well  as  fish.  The 
fish  poison  of  Java,  from  the  seed  of  Milletia  atropurpurea,  contains 
saponin,  and  that  of  Ceylon,  from  Hydrocarpos  inebrians,  owes  its 
effects  to  hydrocyanic  acid.  Robinia  nicou  of  tropical  America  is 
used  by  the  savage  tribes  for  the  purpose  of  benumbing  fish  and  this 
plant  has  been  found  to  contain  a snow-white  crystalline  substance, 
freely  soluble  in  alcohol,  wholly  insoluble  in  water.  Water,  to 
which  an  alcoholic  solution  of  this  poison  has  been  added  in  the  pro- 
portion of  1 : 1,000,000,  killed  fish.  Other  fish  poisons  of  the  West 
Indies  are  Jacquinia  armillaris,  which,  on  account  of  the  fact  that  its 
dried  fruit  is  used  for  bracelets  is  known  as  hois  bracelet , and  Ser- 
jania  letalis,  from  which  the  poisonous  honey  of  a certain  wasp  is 
prepared,  the  toxic  action  of  which  St.  Hilaire  tested  upon  himself. 
This  honey,  even  in  small  quantity,  is  said  to  produce  a mild  intoxi- 
cation. This  will  remind  the  classical  student  of  the  poisonous 
honey  connected  with  the  retreat  of  the  ten  thousand  Greek  sol- 
diers under  Xenophon,  which  occurred  four  hundred  years  before 
our  era. 

4.  We  include  in  this  class  the  cases  that  Blanchard  would  de- 
scribe under  botulism,  inasmuch  as  the  poisoning  is  due  to  putrefac- 
tive changes.  According  to  Anrep,  there  are  in  poisonous  fish  two 
active  ptoma'ins.  One  of  these  is  extracted  from  alkaline  solution 
with  ether,  chloroform  and  benzin.  It  is  amorphous  and  insoluble 
in  water,  but  forms  easily  soluble  salts  of  great  toxicity,  so  that  one- 
fourth  mg.  of  the  hydrochlorid  induces  poisonous  effects  in  dogs,  and 
one-half  mg.  kills  rabbits.  This  ptomain  may  be  preserved  quite 
indefinitely  in  the  dry  state  or  dissolved  in  ether,  but  is  speedily  de- 
stroyed by  strong  alkalis  and  acids.  Dissolved  in  phosphoric  acid 
and  evaporated  it  gives  a red  coloration,  rapidly  passing  into  a dirty 
green.  Jakolew  isolated  a similar  alkaloid  from  poisonous  sturgeon 
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in  1889,  but  it  differed  from  that  of  Anrep  in  the  fact  that  the 
former  gave  precipitates  with  platinum  chlorid  and  tannin,  while  the 
latter  did  not.  Anrep’s  second  ptomain  is  an  oily  substance,  less 
poisonous  than  the  solid.  Both  these  substances  have  a paralyzing 
action  on  frogs,  dogs  and  rabbits,  arresting  respiration  and  the  ac- 
tion of  the  heart.  In  cats,  they  cause  clonic  convulsions.  The 
heart’s  action  is  retarded,  and  just  before  death  respiration  is  accel- 
erated. The  more  poisonous  of  these  alkaloids,  for  which  the  name 
halichthy toxin  has  been  suggested,  produces  mydriasis  on  applica- 
tion to  the  eye. 

Vaughan  reports  the  following  case  of  ichthyotoxismus  exanthe- 
maticus  : K.,  a vigorous  man  of  thirty-four  years,  ate  freely  of  canned 
salmon,  while  others  at  the  table  with  him  remarked  that  the  taste 
of  the  fish  was  peculiar  and  refrained  from  eating  it.  Twelve  hours 
later  K.  began  to  suffer  from  nausea,  vomiting,  and  a griping  pain 
in  the  abdomen  ; and  six  hours  later  he  was  found  vomiting  small 
quantities  of  mucus,  colored  with  bile,  at  frequent  intervals.  The 
bowels  had  not  moved  and  the  griping  pain  continued,  while  he  was 
covered  with  a scarlatinous  rash  from  head  to  foot.  The  pulse  was 
140,  the  temperature  102°  F.,  and  respiration  shallow  and  irregular. 
The  stomach  and  large  intestines  were  washed  out  thoroughly,  and 
ten  grains  of  calomel,  soon  followed  by  twelve  ounces  of  solution  of 
magnesium  citrate,  for  the  purpose  of  cleansing  the  small  intestines, 
were  administered.  The  next  day  the  rash  disappeared,  but  the 
temperature  remained  above  the  normal  for  four  or  five  days,  and  it 
was  not  until  a week  later  that  this  man  was  able  to  leave  his  house. 
The  absence  of  inorganic  poisons  in  the  salmon  was  demonstrated 
and  it  was  found  that  subcutaneous  injection  of  twenty  drops  of  the 
fluid  contained  in  the  can  caused  evident  illness  and  suffering  in  a 
white  rat.  The  only  microorganism  that  could  be  found,  either  by 
direct  microscopical  examination  or  by  the  preparation  of  plate 
cultures,  was  a micrococcus,  and  this  was  present  in  the  salmon 
in  great  numbers.  This  germ  grew  fairly  well  in  beef-tea,  but 
the  injection  of  five  c.c.  of  beef-tea  cultures  of  different  ages 
failed  to  affect  white  rats,  kittens  or  rabbits.  However,  this  micro- 
coccus, when  grown  for  twenty  days  in  a sterilized  egg  produced  a 
most  potent  poison.  The  white  of  the  egg  became  thin,'  watery, 
markedly  alkaline,  and  ten  drops  sufficed  to  kill  white  rats.  It  is 
supposed  that  this  microorganism  produced  toxins  only  when  grown 
under  anaerobic  conditions.  The  same  observer  saw  two  similar 
cases  also  due  to  eating  canned  salmon,  and  in  one  of  these,  the  at- 
tending physician  having  arrested  the  vomiting  and  purging  by  the 
hypodermatic  administration  of  morphin,  death  resulted.  This 
illustrates  the  danger  of  interfering  with  nature’s  efforts  to  remove 
the  poison  which,  instead  of  being  arrested,  should  have  been  assisted 
by  the  use  of  the  stomach  tube  and  by  irrigation  of  the  colon. 
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Potain  saw  a man  suffering  from  vomiting,  vertigo,  ringing  in  the 
ears,  and  pain  in  the  joints,  due  to  eating  lobster. 

Griffiths  found  in  sardines  that  had  undergone  putrefactive 
changes  a base  to  which  he  has  given  the  name  sardinin  ; this  pto- 
main,  together  with  others  reported  by  the  same  investigator,  is  de- 
scribed in  Chapter  XIV. 

5.  In  Russia  many  instances  of  fish  poisoning  are  due  to  the  fact 
that  the  fish  are  diseased  and  the  disease  is  transmitted  to  man  in 
his  food.  Instances  of  this  kind  of  fish  poisoning  are  well  known 
in  Germany  also,  and  here  they  are  generally  due  to  eating  diseased 
barbels.  The  symptoms  are  identical  with  those  of  cholera  nostras, 
and  the  disease  is  known  as  “ barbencholera.”  The  poison,  the 
nature  of  which  is  yet  unknown,  evidently  irritates  the  mucous  mem- 
brane of  the  stomach  and  intestines.  This  form  of  fish  poisoning  is 
sometimes  called  ichthyotoxismus  gastricus. 

Schmidt  concludes  his  studies  on  poisonous  fish  in  Russia  with 
the  following  statements  : (1)  Poisoning  with  fish  is  not  due  to 
putrefaction.  (2)  Fish  poisoning  (in  Russia)  is  always  due  to  some 
member  of  the  sturgeon  tribe.  (3)  The  genesis  of  fish  poisoning 
has  no  relation  to  the  method  of  catching  the  fish,  the  use  of  salt,  or 
imperfections  in  the  method  of  preserving  them.  (4)  The  poisonous 
substance  is  not  distributed  throughout  the  animal,  but  is  confined  to 
certain  parts.  (5)  The  poisonous  portion  cannot  be  distinguished 
from  the  non-poisonous,  either  macroscopically  or  microscopically. 
(6)  The  thoroughly  cooked  meat  is  never  poisonous.  (7)  The  fish 
poison  is  an  animal  alkaloid,  produced  most  probably  by  bacteria 
that  cause  an  infectious  disease  in  the  fish. 

Arustamow  has  studied  eleven  cases  of  fish  poisoning  in  which 
five  terminated  fatally.  In  the  fish,  and  in  the  liver,  kidneys  and 
spleen  of  the  persons,  germs,  resembling  but  not  identical  with  the 
typhoid  bacillus,  were  found.  The  most  noteworthy  symptoms  were 
general  -weakness,  dull  pain  in  the  abdomen,  dyspncea,  mydriasis,  ver- 
tigo, and  dryness  of  the  mouth.  This  author  also  concludes  that  the 
ill  effects  are  due  to  bacteria  which  are  pathogenic  to  the  fish  and  in 
the  cases  observed  by  him  the  meat  was  eaten  raw. 

Sieber  found  that  the  fish  in  an  aquarium,  from  which  some  had 
been  taken  to  supply  a table  and  had  proved  poisonous,  were  sick 
and  that  as  many  as  thirty  died  within  the  next  two  days.  From 
the  dead  and  sick  fish  Sieber  obtained  by  anaerobic  methods  a highly 
toxicogenic  germ  to  which  she  has  given  the  name  Bacillus  piscicidus 
agilis.  This  germ  consists  of  highly  motile  short  rods,  and  old 
cultures  show  spore  formation.  The  bacilli  are  easily  colored  with 
Ziehl’s  solution  and  on  gelatin  and  agar  plates  the  colonies  are  gran- 
ular, gray,  or  yellow.  This  organism  liquefies  gelatin  and  produces 
carbonic  acid  gas  and  small  quantities  of  methyl  mercaptan.  It  is 
pathogenic  to  fish,  frogs,  mice,  rabbits,  dogs  and  guinea-pigs,  and 
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from  the  muscles  of  these  animals  the  germ  may  be  recovered  in 
pure  culture.  After  filtration  through  porcelain  the  sterile  cultures 
are  quite  as  poisonous  as  before  sterilization.  Heat  does  not  de- 
stroy the  toxin  and  at  least  one  poisonous  substance  may  be 
obtained  by  distillation.  Filtered  cultures  give  an  intense  red 
coloration  with  ferric  chlorid.  Sieber  has  obtained  from  growths  of 
this  bacillus  cadaverin  and  other  known  ptomai'ns,  but  there  are  at 
least  two  undetermined  bases  present  and  one  of  these  suffices  to  kill 
frogs  in  doses  of  3.5  mg.  The  symptoms  induced  in  animals  by  the 
use  of  sterilized  cultures  consist  of  shortness  of  breath  and  unrest, 
followed  by  apathy  and  paralysis. 

Kreotoxismus. — It  has  long  been  known  that  the  flesh  of  animals 
dead  from  certain  diseases  or  slaughtered  while  suffering  from  these 
diseases,  is  not  a safe  food  for  man.  The  Mosaic  law  forbade  the 
eating  of  the  flesh  of  animals  dead  from  disease  : “ Ye  shall  not  eat  of 
anything  that  dieth  of  itself ; thou  shalt  give  it  unto  the  stranger  that 
is  in  thy  gates,  that  he  may  eat  it ; or  thou  mayst  sell  it  unto  an  alien, 
for  thou  art  a holy  people  unto  the  Lord  thy  God.  Thou  shalt  not 
seethe  a kid  in  his  mother’s  milk.”  (Deuteronomy,  XIV,  21.)  The 
first  part  of  this  command  is  certainly  wise  counsel,  but  the  feeding 
of  a visitor  with  such  food  would  not  be  now  regarded  as  in  accord 
with  the  rules  of  hospitable  entertainment,  and  the  sale  of  it  even  to 
an  alien  should  not  be  permitted  by  the  law  of  any  country.  The 
most  common  diseases  that  may  be  transmitted  from  the  lower  ani- 
mals to  man  by  the  consumption  of  the  flesh  or  milk  of  the  former 
as  food  by  the  latter,  are  tuberculosis,  anthrax,  symptomatic  anthrax, 
pleuro-pneumonia,  puerperal  fever,  glanders,  various  septicemias, 
trichinosis,  mucous  diarrhoea,  and  actinomycosis.  However,  it  does 
not  come  within  the  scope  of  this  book  to  discuss  the  transmission 
of  these  diseases  from  the  lower  animals  to  man,  and  we  shall  limit 
the  subject  of  kreotoxismus  to  those  untoward  effects  which  arise 
from  the  eating  of  flesh  infected  with  non-specific,  toxicogenic  bac- 
teria. 

Sausage  poisoning,  sometimes  designated  as  botulism  or  botulis- 
mus,  and  sometimes  known  as  allantiasis,  has  long  been  recognized 
as  a cause  of  sickness  and  death  and  its  causation  has  been  a subject 
of  theory  and  investigation  for  one  hundred  years  or  longer.  It  is 
probable  that  some  of  the  earlier  epidemics  attributed  to  botulism 
were  in  fact  due  to  trichiniasis,  and  it  was  not  until  the  discovery  of 
the  parasite  to  which  the  latter  condition  is  due  that  differentiation 
was  possible.  A large  proportion  of  the  cases  of  sausage  poisoning 
have  occurred  in  Wiirtemberg  and  the  immediately  adjacent  portions 
of  Baden.  This  fact  has  been  correctly  ascribed  to  the  methods 
there  practised  of  preparing  and  curing  sausage.  It  is  said  to  be 
common  for  people  to  use  the  blood  of  the  sheep,  ox  and  goat  in  the 


202 


FOOD  POISONING. 


preparation  of  this  article  of  diet.  Moreover,  the  blood  is  kept  for 
days  sometimes  in  wooden  boxes  and  at  a high  temperature  before 
it  is  used.  In  these  cases  it  is  altogether  likely  that  putrefaction 
progresses  to  the  poisonous  stage  before  the  process  of  curing  is  be- 
gun. A kind  of  sausage  known  as  “ blunzen  ” is  made  by  filling 
the  stomachs  of  hogs  with  the  meat.  In  curing,  the  interior  of  this 
great  mass  is  not  acted  upon  and  putrefaction  sets  in.  The  curing 
is  usually  done  by  hanging  the  sausage  in  the  chimney  and  at  night 
the  fire  goes  out  and  the  meat  freezes.  The  interior  of  the  mass  is 
generally  the  most  poisonous  part  and  in  many  instances  those  who 
have  eaten  of  the  outer  portion  are  often  unharmed,  while  those  who 
have  eaten  of  the  interior  of  the  same  sausage  have  been  seriously 
affected.  This  method  of  preparing  sausage  in  Wiirtemberg  is  not 
now  so  generally  employed  and  poisoning  from  this  article  of  food  is 
not  so  common  as  formerly. 

Many  German  writers  state  that  when  a poisonous  sausage  is  cut, 
the  putrid  portion  has  a dirty,  grayish-green  color,  and  a soft,  smeary 
consistency.  A disagreeable  odor,  resembling  that  of  putrid  cheese, 
is  perceptible,  while  the  taste  is  unpleasant  and  sometimes  a smarting 
of  the  mouth  and  throat  is  produced.  Post-mortem  examination 
shows  no  characteristic  lesions.  It  is  generally  stated  that  putrefac- 
tion sets  in  very  tardily,  but  Muller  shows  that  no  reliance  can  be 
placed  upon  this  point,  and  states  that  out  of  forty-eight  recorded  au- 
topsies, it  was  especially  stated  in  eleven  that  putrefaction  rapidly  de- 
veloped. In  some  instances  there  has  been  noticed  hyperemia  of  the 
stomach  and  intestinal  canal,  but  this  is  by  no  means  constant.  The 
liver  and  brain  have  been  reported  as  congested,  but  this  would  re- 
sult from  failure  of  the  heart,  and  would,  by  no  means,  be  character- 
istic of  poisoning  with  sausage. 

Von  Faber,  in  1821,  observed  sixteen  persons  who  were  made 
sick  by  eating  fresh  unsmoked  sausage  made  from  the  flesh  of  a pig 
which  had  suffered  from  an  abscess  on  the  neck.  Five  of  the 
patients  died.  The  symptoms  were  as  follows : There  was  con- 
striction of  the  throat,  difficulty  in  swallowing,  retching,  vomiting, 
colic-like  pains,  vertigo,  hoarseness,  dimness  of  vision  and  headache. 
Later  on  in  severer  cases  there  was  complete  exhaustion,  and,  finally, 
paralysis.  The  eyeballs  were  retracted,  the  pupils  were  sometimes 
dilated,  then  contracted,  they  did  not  respond  to  light,  there  was 
paralysis  of  the  upper  lids.  The  tonsils  were  swollen,  but  not  as  in 
tonsillitis.  Liquids  which  were  not  irritating  could  be  carried  as  far 
as  the  esophagus,  when  they  were  ejected  from  the  mouth  and  nose 
with  coughing.  Solid  foods  could  not  be  swallowed.  On  the  back  of 
the  tongue  and  in  the  pharynx  there  was  observed  a puriform  exudate. 
Obstinate  constipation  existed  in  all,  while  the  sphincter  ani  was 
paralyzed.  Breathing  was  easy,  but  all  had  a croupous  cough.  The 
skin  was  dry  and  there  was  incontinence  of  urine.  There  was  no 
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delirium  and  the  mind  remained  clear  to  the  last.  At  autopsy  the 
skin  was  found  to  be  rough  and  the  abdomen  retracted.  The  large 
vessels  in  the  upper  part  of  the  stomach  were  filled  with  black  blood 
and  the  content  of  the  stomach  consisted  of  a reddish-brown,  semi- 
fluid substance,  which  gave  off  a repugnant  acid  odor.  In  one  case 
the  omentum  was  found  greatly  congested.  The  large  intestine  was 
pale  and  the  right  ventricle  of  the  heart  was  filled  with  dark  fluid 
blood. 

Schiiz  cites  thirteen  cases  of  poisoning  from  liver  sausage  in  which 
the  symptoms  differed  from  the  foregoing  in  the  following  respects : 
(1)  In  only  one  out  of  the  thirteen  was  there  constipation.  All  the 
others  had  numerous  typhoid-like  stools.  (2)  Symptoms  involving 
the  sense  of  sight  were  present  in  only  three;  in  all  the  pupils  were 
unchanged.  (3)  The  croupous  cough  was  wholly  wanting ; though 
in  many  there  was  complete  loss  of  voice.  Difficulty  of  swallowing 
was  complained  of  by  only  one.  (4)  Delirium  was  marked  in  all; 
and  in  one  the  disturbance  of  the  mental  faculties  was  prominent  for 
several  weeks.  (5)  There  were  no  deaths.  (6)  The  time  between 
eating  of  the  sausage  and  the  appearance  of  the  symptoms  varied 
from  eighteen  to  twenty-four  hours  and  the  duration  of  sickness  from 
one  to  four  weeks ; though  in  one  case  complete  recovery  did  not 
occur  until  after  two  and  one-half  months.  The  sausages  were  not 
smoked  and  all  observed  a garlic  odor,  though  no  garlic  had  been 
added  to  the  meat. 

Tripe  reports  sixty-four  cases,  in  which  the  stools  were  frequent, 
water)7,  and  of  offensive  odor;  in  some  there  was  delirium.  In  the 
one  fatal  case  the  hands  aud  face  were  cold  and  swollen  ; the  pulse, 
rapid  and  weak  ; the  pupils,  contracted  but  responsive  to  light ; and 
the  small  intestine,  inflamed. 

Hedinger  reports  two  cases  with  the  usual  symptoms,  but  during 
recovery  dilatation  of  the  pupils  was  followed  by  contraction.  Birds 
ate  of  this  sausage  and  were  not  affected.  In  Roser’s  cases,  section 
showed  abscess  of  the  tonsils,  a dark,  bluish  appearance  of  the 
mucous  membrane  of  the  pharynx,  larynx,  and  bronchial  tubes,  dark 
redness  of  the  fundus  of  the  stomach,  and  circumscribed  gray,  red 
and  black  spots  on  the  mucous  membrane  of  the  intestine  ; the  liver 
was  brittle  and  the  spleen  solid. 

Many  theories  concerning  the  nature  of  the  active  principle  of 
poisonous  sausage  have  been  advanced.  It  was  once  believed  to 
consist  of  pyroligneous  acid,  supposed  to  be  absorbed  by  the  meat 
from  the  smoke  used  in  curing,  but  it  was  found  that  unsmoked 
sausage  also  might  be  poisonous.  Emmert  believed  the  active  agent 
to  be  hydrocyanic  acid,  and  .lager's  theory  supposed  the  presence  of 
picric  acid  ; but  these  acids  are  not  found  in  poisonous  sausage  and 
their  toxicological  effects  are  wholly  unlike  those  observed  in  sausage 
poisoning.  Kerner  believed  the  poison  to  consist  of  either  caseic  or 
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sebacic  acids,  or  both,  while  Buchner  named  it  acidum  botulinicum  ; 
but  the  acids  of  the  former  proved  to  be  inert,  and  that  of  the  latter 
to  have  no  existence.  Schlossberger  suggested  that  the  poisonous 
substance  is  most  probably  basic  in  character,  and  he  found  an 
ammoniacal  base  which  could  not  be  found  in  good  sausage,  and 
which  did  not  correspond  to  any  known  amid,  imid,  or  nitryl  base ; 
however,  this  substance  has  not  been  obtained  by  anyone  else,  nor  has 
it  been  demonstrated  to  be  poisonous.  Liebig,  Duflas,  Hirsch,  and 
Simon  believed  in  the  presence  of  a poisonous  ferment,  and  Van  den 
Corput  described  sarcina  botulina,  which  he  believed  to  be  the  active 
agent.  Muller,  Hoppe-Seyler,  and  others  found  various  microor- 
ganisms, and  Virchow,  Eichenberg,  and  others  examined  micro- 
scopically the  blood  of  persons  poisoned  with  sausage.  Ehrenberg 
attempted  to  isolate  the  poisonous  body  by  employing  Brieger’s 
method,  but  obtained  only  inert  substances. 

Gaffky  and  Paak  made  a study  of  sausage  consisting  of  horse- 
flesh and  liver  which  poisoned  a large  number  of  people,  one  of 
whom  died.  In  the  majority,  the  symptoms  came  on  with  a chill 
within  six  hours,  and  in  one  instance  within  half  an  hour.  The 
most  prominent  symptoms  were  headache,  loss  of  appetite,  pain  in 
the  bowels,  vomiting  and  purging.  From  the  sausage  these  investi- 
gators obtained  a short  bacillus,  which,  when  given  by  the  month, 
subcutaneously  or  intravenously,  produced  the  above-mentioned 
symptoms,  with  a fatal  termination  in  rabbits,  guinea-pigs,  mice  and 
apes  ; they  were  unable  to  isolate  the  chemical  poison.  This  bacillus 
probably  belongs  to  the  colon  group. 

In  June,  1880,  a large  number  of  persons  were  poisoned  at  Well- 
beck,  England,  by  eating  ham  in  which  Klein  found  a bacillus,  in- 
oculations with  which  were  followed  by  the  development  of  pneu- 
monia ; while  the  affected  persons  were  described  by  Ballard,  who 
investigated  the  outbreak,  as  suffering  from  “ diarrhoeal  illness.” 
Ballard  has  reported  the  following  additional  instances : In  the 
(t  Chester  case,”  the  man  ate  of  some  so-called  American  sausage, 
which  consisted  mostly  of  pork.  Gastroenteric  symptoms  with 
great  prostration  resulted,  and  in  a few  days  the  man  died,  apparently 
from  pneumonia.  No  post-mortem  examination  was  permitted,  but 
the  meat  killed  the  animals  fed  with  it,  and  in  these,  section  showed 
hemorrhage  in  the  stomach,  congestion  of  the  lungs,  and  hyperemia 
of  the  medullary  portion  of  the  kidneys.  In  the  “ Oldham  case,” 
members  of  two  families  partook  of  a newly  opened  can  of  pigs’ 
tongues.  Nausea,  vomiting  and  diarrhoea  occurred  in  all  but  one, 
and  he  fell  into  a comatose  condition,  which  was  not  relieved  until 
a purgative  was  administered  and  acted.  In  the  “ Bishop  case,” 
members  of  three  families  ate  of  ribs  of  beef.  The  meat  was 
cooked  on  Saturday  and  it  was  more  poisonous  on  Monday  than  on 
the  preceding  day.  This  meat  evidently  became  infected  after  it 
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was  cooked,  inasmuch  as  other  portions  of  the  same  carcass  caused 
no  ill  effects.  In  the  “ Whitechurch  case,”  brawn,  consisting  of  a 
gelatin  made  from  pig’s  head,  was  eaten  cold.  Members  of  ten  fam- 
ilies residing  in  different  parts  of  the  town  were  affected.  In  the 
“ Whitechurch-pork  case,”  the  meat  eaten  immediately  after  it  was 
cooked  had  no  ill  effect,  while  portions  eaten  cold  the  next  day 
killed  two  persons.  In  the  “ Wolverhampton-tin-salmon  case,”  three 
adults  ate,  and  two  children  merely  tasted,  the  contents  of  a 
“ blown  ” can.  The  one  who  ate  the  most  was  attacked  about  ten 
hours  after  eating,  and  died  in  three  days ; one  who  ate  less  became 
ill  in  about  twelve  hours,  and  died  in  five  days  ; while  the  adult  who 
partook  most  sparingly  began  to  feel  the  ill  effects  in  about  fourteen 
hours,  and  finally  recovered.  In  the  children,  the  symptoms  were 
slight  and  transient.  Klein  found  in  both  fatal  cases  necrosis  of  the 
superficial  layers  of  the  mucous  membrane  of  the  stomach,  fatty  de- 
generation of  the  liver  as  in  acute  phosphorus  poisoning,  and  inflam- 
mation of  the  kidneys.  Mice  fed  upon  the  salmon  died,  exhibiting 
lesions  similar  to  those  observed  in  the  men  ; no  germ  could  be  found 
in  the  blood  of  the  mice.  In  the  “ Carlisle  (A)  case,”  twenty-four 
persons  partook  of  a cold  ham,  which  had  been  prepared  the  pre- 
vious day  and  kept  in  a cellar  in  which  milk  and  meat  “ were  known 
to  go  bad.”  Two  persons  died.  The  only  germ  which  could  be 
found  was  a micrococcus,  which  was  harmless,  when  fed  by  mouth 
to  mice,  cats  and  dogs.  In  the  “ Ironbridge  case,”  twelve  persons 
out  of  fifteen  in  a household  ate  at  midday  of  veal  pie  which  had 
been  made  the  day  before  and  warmed  over.  Mice  were  fed  upon 
the  pie  and  upon  portions  of  the  veal  from  which  the  pie  had  been 
made  ; those  fed  on  the  veal  showed  no  ill  effects,  while  some  of  those 
fed  on  the  pie  died.  In  the  pie  several  different  species  of  microor- 
ganisms were  found,  and  with  one  bacterium  the  following  interest- 
ing observations  were  made  : Cultures  did  not  grow  well  at  a tem- 

perature over  32°  and  at  above  36°  no  growth  took  place.  All 
cultures  after  some  days  growth  possessed  a most  exquisite  and 
delicate  aroma,  no  trace  of  putridity  being  perceptible. 

As  might  be  expected  from  the  fact  that  the  bacterium  did  not 
grow  at  blood  heat,  subcutaneous  inoculations  into  mice  produced  no 
results  ; but  when  mice  were  fed  with  the  contents  of  a culture  tube, 
they  fell  ill  and  died,  but  no  bacterium  could  be  found  in  any  of  the 
viscera.  The  obvious  inference  from  this  is  that  the  cultures  of  this 
microorganism  contained  a substance  which,  when  introduced  into 
the  stomach,  produced  illness  and  death,  in  the  latter  event  severe 
gastro-enteritis  being  a conspicuous  feature.  Since  the  organism  in 
itself  is  harmless  when  inoculated,  not  being  capable  of  growth  and 
multiplication  at  the  temperature  of  the  animal  body,  it  follows  that 
the  substance  which  caused  the  poisoning  was  non-organized  and 
produced  by  the  bacterium.  In  the  “ Retford  case,”  eighty  persons 
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in  twenty-two  families  were  made  ill,  one  fatally,  by  eating  pork 
pie.  The  meat  was  cooked  on  November  10th  and  was  eaten  from 
the  11th  to  the  14th.  With  the  exception  of  one  family,  none  of 
those  who  ate  of  the  pie  on  the  11th  were  made  ill,  and  none  of 
those  who^ate  of  it  after  the  14th.  The  harmful  germ  was  a short 
bacillus,  cultures  of  which  made  mice  sick,  killing  some;  but 
growths  more  than  ten  days  old  were  without  effect.  In  the  “ Car- 
lisle (B)  case,”  a pork  pie  was  made  November  1st  and  eaten  by 
some  twenty-five  persons  during  the  following  ten  days.  Mice  fed 
upon  the  meat  developed  on  the  second  or  third  day  a bloody  diar- 
rhoea, and  died.  The  small  intestine  was  filled  with  bloody  mucus. 
The  lungs  were  congested,  and  in  the  animals  which  lived  the  longest 
there  was  hepatization,  chiefly  in  the  upper  lobe ; the  liver  and 
spleen  were  also  congested.  In  the  “ Portsmouth  case,”  two  bacilli 
— one  motile,  the  other  not — were  found  in  the  food.  When  first 
received,  the  meat  poisoned  mice  fed  upon  it,  but  after  standing  and 
becoming  offensive  in  odor,  it  failed  to  do  so.  Cultures  of  the  non- 
motile  bacillus  had  a pleasant  aroma,  and  were  poisonous  ; while 
those  of  the  motile  germ  were  offensive  and  harmless.  In  the  ani- 
mals killed  by  the  culture  the  lungs,  kidneys  and  spleen  were  dark 
and  the  small  intestines  were  relaxed  and  filled  with  mucus*  In 
only  one  of  the  mice  could  the  bacillus  be  found,  and  Klein  states  that 
this  germ  is  not  pathogenic  but  that  its  cultures  contain  a toxin.  In 
the  “ Middlesborough  Pneumonia  Epidemic,”  Ballard  attributed  490 
deaths  to  infected  bacon,  and  he  believed  that  the  disease,  developed 
in  a person  who  had  eaten  of  the  infected  food,  was  transmissible 
from  the  sick  to  those  who  had  not  partaken  of  the  bacon.  This 
has  been  observed  in  other  epidemics  of  kreotoxismus  and  is  due 
to  infection  with  microorganisms  first  obtained  in  the  food  and 
then  transmissible,  probably  through  the  sputum,  to  others.  In  the 
lungs,  Klein  discovered  a short  bacillus,  which  he  called  “bacillus 
pneumoniae,”  differing  altogether  from  the  bacillus  of  Friedliinder 
and  from  the  diplococcus  of  Frankel,  neither  of  which  was  present. 
Of  twenty  samples  of  bacon  forwarded  from  the  infected  districts,  four- 
teen were  distinctly  poisonous  to  rodents  fed  with  it ; in  two  in- 
stances, there  was  some  doubt,  and  only  four  proved  not  to  be  poison- 
ous. In  the  dead  animals,  lesions  similar  to  those  observed  in 
persons  who  died  of  the  disease,  in  the  infected  districts,  were  found. 
Similar  results  followed  inoculation  of  the  juice  expressed  from  the 
lungs  and  of  pure  cultures  of  the  bacillus,  and  in  all  instances  the 
microorganism  was  recoverable.  During  the  progress  of  Klein’s 
investigations  an  epidemic  of  pneumonia  occurred  among  the  animals 
(mice,  guinea-pigs,  and  monkeys)  kept  in  the  building  where  his  ex- 
periments were  carried  on,  the  bacillus  pneumoniae  being  found  after 
death  and  sometimes  in  the  heart’s  blood.  On  reexamination  after 
the  lapse  of  three  months,  of  samples  of  the  bacon  that  had  previously 
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produced  illness  and  death,  they  were  found  to  have  lost  their  power 
of  infecting  animals,  and  no  growth  of  the  bacillus  was  obtainable. 

In  meat  which  had  poisoned  a large  number  of  persons,  Gaertner 
found  his  bacillus  enteritidis.  The  meat  was  from  a cow  that  had  a 
severe  diarrhoea  for  two  days  before  she  was  killed.  The  twelve 
persons  who  ate  of  the  flesh  raw,  all  became  sick ; while  of  those 
who  ate  of  the  cooked  food  a large  per  cent,  were  also  affected.  In 
the  meat,  and  in  the  spleen  of  a person  who  died  from  the  effects  of 
the  poison,  Gaertner  found  the  bacillus  which  proved  fatal  to  animals. 
Good  beef,  inoculated  with  this  germ  and  kept  for  some  hours,  killed 
rabbits,  guinea-pigs  and  mice.  The  skin  of  the  people  who  were 
poisoned  and  recovered  peeled  off.  The  period  of  incubation  varied 
from  twro  to  thirty  hours.  Even  the  boiled  bouillon  cultures  of  this 
germ  are  highly  poisonous,  showing  that  the  toxic  properties  are  not 
destroyed  by  cooking  the  meat.  Fischer  reports  the  following : A 
cow,  that  had  recently  calved,  had  been  sick  for  some  eight  days,  and 
on  account  of  this  illness  she  was  killed.  The  animal  was  slaughtered 
on  Friday,  and  on  the  following  Sunday  at  noon  nineteen  persons 
ate  of  the  meat.  The  prominent  symptoms  were  vomiting  and  violent 
purging,  appearing  a few  hours  after  the  meal.  Vertigo,  loss  of  con- 
sciousness, and  exfoliation  of  the  epidermis  during  recovery,  all  of 
which  were  observed  by  Gaertner  in  some  of  his  cases,  were  not 
present  in  any  case  reported  by  Fischer.  Notwithstanding  these 
differences,  a study  of  the  bacillus  led  to  the  conclusion  that  it  is 
identical  with  the  bacillus  enteritidis.  By  concentrating  a filtered 
culture  and  precipitating  with  absolute  alcohol,  the  crude  toxin  was 
obtained.  It  gave  the  general  reactions  for  peptons,  and  boiling 
for  one  and  one-half  hours  did  not  perceptibly  weaken  its  toxic  prop- 
erties. Lubarsch  reported  the  death  of  a child  two  days  old  from  a 
septic  pneumonia  caused  by  the  bacillus  enteritidis.  Section  showed 
pleuritis  and  pneumonia  of  the  left  lower  lobe,  bilateral  purulent 
bronchitis,  atalectasis  of  the  right  lung,  parenchymatous  cloudiness 
of  the  kidneys,  fatty  infiltration  and  engorgement  of  the  liver,  slightly 
enlarged  spleen,  uric  acid  infarction  of  the  kidneys,  and  icterus  neo- 
natorum. All  other  pathological  conditions  were  supposed  to  be 
consequent  upon  the  septic  pneumonia.  White  rats  and  chickens 
proved  to  be  wholly  immune,  while  guinea-pigs,  rabbits,  and  mice 
were  susceptible  to  the  bacillus  found  in  the  tissues  of  the  child. 
These  susceptible  animals  were  killed  within  from  sixteen  to  twenty- 
four  hours  by  intraperitoneal  inoculation  and  in  from  two  to  four  days 
by  subcutaneous  injections.  In  all  cases,  section  showed  marked 
congestion  of  the  intestines,  swelling  of  the  follicles,  and  in  some 
instances  slight  erosions  of  the  mucous  membrane.  After  intraperi- 
toneal inoculation,  sero-fibrinous  or  hemorrhagic  peritonitis  de- 
veloped. After  subcutaneous  inoculation  in  rabbits,  sometimes  in 
guinea-pigs,  there  was  a sero-fibrinous  pleuritis,  with  compression  of 
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the  lungs,  and  in  one  instance  a circumscribed  pneumonia.  Sterilized 
cultures  in  larger  quantities  produced  the  same  effects  as  the  unster- 
ilized. The  symptoms  and  anatomical  changes  induced  by  this  germ 
agree  with  those  observed  in  WinkeFs  disease,  in  the  rapidly  fatal 
progress,  cyanosis,  icterus,  rapid  respiration,  tendency  to  hemorrhage 
and  fatty  degeneration.  The  most  essential  difference  lies  in  the  fact 
that  hemoglobinuria  is  a prominent  symptom  of  WinkePs  disease, 
while  it  does  not  occur  after  inoculation  with  the  bacillus  enteritidis. 

In  August,  1887,  256  soldiers  and  thirty-six  citizens  at  Middle- 
burg,  Holland,  were  taken  sick  after  eating  meat  from  a cow  which 
had  been  killed  while  suffering  from  puerperal  fever.  The  symptoms 
were  nausea,  vomiting,  purging,  elevation  of  temperature,  and  pros- 
tration. In  some,  there  were  observed  dizziness,  sleeplessness,  and 
dilatation  of  the  pupil.  After  a few  days  these  symptoms  gradually 
disappeared,  and  in  many  an  eczematous  eruption  of  the  lips  gave 
annoyance.  Pigs,  cats  and  dogs  that  ate  of  the  offal  of  this  animal 
were  also  made  sick.  Thorough  cooking  did  not  destroy  the  poison, 
and  those  who  took  soup  and  bouillon  made  from  the  meat  were 
affected  like  those  who  ate  of  the  muscle  fiber.  In  most  of  the  cases 
the  symptoms  came  on  within  twelve  hours  after  eating  the  meat. 

Basenau  first  found  his  bacillus  bovis  morbificans  in  the  flesh  of  a 
cow  that  was  killed  while  suffering  from  puerperal  fever,  and  later1 
he  has  detected  the  same  microorganism  in  the  meat  of  animals  killed 
while  sick  with  perforative  peritonitis,  puerperal  paralysis,  and 
chronic  pyemia.  It  seems  from  the  researches  of  this  investigator 
that  there  are  varieties  of  this  germ,  the  toxins  of  some  of  which  are 
destroyed  by  heating  to  100°,  while  those  of  others  are  not.  It  is 
more  than  probable  that  Basenau’s  germ  is  a variety  of  the  colon 
bacillus  and  that  the  toxin  is  contained  within  the  cell,  and  whether 
or  not  meat  infected  with  this  organism  will  prove  harmful  depends 
upon  the  number  of  germs  present. 

In  1894,  Vaughan  and  Perkins  examined  some  dried  beef  which 
had  quite  seriously  poisoned  a family  of  four.  There  was  nothing  in 
the  appearance  or  odor  of  the  beef  to  cause  any  suspicion.  In  fact, 
it  seemed  to  be  of  exceptionally  good  quality.  Anaerobic  cultures 
from  the  interior  of  the  meat  were  made  and  developed  a bacillus, 
from  two  to  three  times  as  long  as  broad,  taking  the  ordinary  stains, 
motile,  with  no  spore  formation,  not  liquefying  gelatin,  but  coagulat- 
ing milk,  growing  best  at  the  temperature  of  the  body,  but  develop- 
ing its  poison  at  ordinary  temperature,  producing  gas  abundantly, 
and  pathogenic  to  white  rats,  rabbits,  and  guinea-pigs.  Sterilized 
cultures  were  also  poisonous.  Of  200  men  at  a banquet  at  Sturgis, 
Mich.,  in  April,  1894,  everyone  who  ate  of  the  pressed  chicken 
served  was  made  ill.  Some  who  were  not  at  the  banquet  but  who 
aided  in  preparing  it,  took  small  bits  of  the  chicken  and  these  also 

1 Archiv  f.  Hygiene,  32. 
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were  made  sick.  All  were  taken  within  from  two  to  four  hours 
after  eating  the  chicken,  with  nausea,  violent  griping  and  purging ; 
many  fainted  while  attempting  to  rise  from  bed.  The  chickens 
were  killed  Tuesday  afternoon,  picked  and  left  hanging  in  the  mar- 
ket room  (not  in  cooling  room)  until  Wednesday  forenoon,  when 
they  were  drawn  and  carried  to  a restaurant,  and  here  left  in  a warm 
room  until  Thursday  morning,  when  they  wrere  cooked  (not  very 
thoroughly),  pressed,  and  served  at  the  banquet  that  night.  This 
food  was  examined  by  Vaughan  and  Perkins,  and  found  to  contain 
two  microorganisms,  a slender  bacillus,  from  four  to  five  times  as 
long  as  broad,  and  a streptococcus.  The  bacillus  was  fatal  to  white 
rats,  guinea-pigs  and  rabbits,  when  administered  intra-peritoneally, 
intra-venously,  and  subcutaneously.  The  streptococcus  was  not 
fatal  when  given  in  pure  culture,  but  mixed  cultures  of  the  two  in- 
duced death ; and  in  these  instances,  when  administered  subcuta- 
neously, in  addition  to  lesions  found  after  the  employment  of  pure 
cultures  of  the  bacillus,  there  was  extensive  sloughing.  This  bacillus 
is  motile,  takes  the  ordinary  stains  readily,  and  is  decolorized  by 
Gram’s  method.  It  grows  very  slowly  at  ordinary  temperature 
and  rapidly  at  37°.  Of  two  cultures  of  equal  age,  one  grown  at 
ordinary  temperature  and  the  other  at  37°,  1 c.c.  of  the  former  was 
necessary  to  induce  death,  while  £ c.c.  of  the  other  proved  fatal. 
The  anaerobic  cultures  were  much  more  powerful  than  the  aerobic. 
% c.c.  of  a beef  tea  culture  heated  to  60°  for  thirty  minutes  killed, 
while  1 c.c.  heated  to  100°  for  fifteen  minutes  failed  to  kill. 

In  an  outbreak  of  bromatotoxismus  at  an  asylum  in  Norway,  the 
patients’  food  was  veal,  and  in  this  Holst  found  a small  bacillus 
similar  to  but  not  identical  with  that  of  Gartner.  Lewis  found  a 
ptomai'n,  which  he  supposed  to  be  neuridin,  in  corned  beef  that 
poisoned  people  in  Ohio.  Poels  reported  cases  of  poisoning  in 
Rotterdam  from  the  eating  of  meat  supposed  to  be  from  a healthy 
animal.  A variety  of  the  colon  bacillus  was  found  in  this  meat  and 
it  was  shown  that  sterilized  cultures  were  sufficiently  toxic  to  kill 
calves.  The  same  bacillus  has  been  found  in  other  outbreaks  of 
kreotoxismus  in  Holland.  Zorkendorfer  reported  the  presence  of 
anthrax  bacilli  in  some  meat  that  poisoned  many  people,  some 
fatally,  near  Teplitz,  in  1894  ; however,  his  identification  of  the 
germ  cannot  be  regarded  as  positive.  Di  Mattei  has  stated  that  the 
flesh  of  animals  dead  from  symptomatic  anthrax  may  retain  its  power 
of  infection  after  having  been  preserved  in  a dry  state  for  ten  years. 
Siedler  reported  four  cases  of  poisoning  from  decomposed  goose 
grease.  The  symptoms  consisted  of  giddiness,  prostration  and  vio- 
lent vomiting.  Christison  reported  cases  in  which  persons  were 
seriously,  some  fatally,  affected  by  eating  various  kinds  of  meat 
which  had  undergone  partial  putrefaction.  Ollivier  found  six  per- 
sons poisoned,  four  of  them  fatally,  by  eating  decomposed  mutton 
14 
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and  he  mentions  similar  cases  due  to  eating  ham.  Boutigmy,  hav- 
ing failed  to  find  any  poison  in  the  meat  furnished  at  a festival,  and 
to  which  the  serious  illness  of  many  was  attributed,  made  a meal  of 
stuffed  turkey  furnished  by  the  same  dealer,  but  after  a short  time 
his  countenance  became  livid,  his  pulse  small  and  feeble,  a cold 
sweat  bathed  his  body,  and  violent  vomiting  and  purging  followed. 
Geiseler  observed  nausea,  vomiting,  purging  and  delirium  after 
eating  of  bacon  which  was  imperfectly  cured.  Schroder 1 reported 
cases  of  poisoning  which  were  due  to  the  eating  of  the  flesh  of  an  ani- 
mal killed  while  suffering  from  foot  and  mouth  disease ; however, 
both  bacteriological  and  chemical  investigations  led  to  no  results. 
Hermann 2 and  Ksensche 3 found  in  some  meat  which  poisoned 
people  at  Breslau  a typhoid-like  bacillus  whose  toxin  is  not  de- 
stroyed by  boiling.  Kuborn4  found  a piece  of  poisonous  meat 
which  was  infected  with  staphylococcus  pyogenes  flavus.  Johne5 
reported  cases  of  sausage  poisoning  in  which  microorganisms  similar 
to  the  bacillus  enteritidis  were  found. 

The  most  important  contribution  that  has  recently  been  made  to 
the  subject  of  kreotoxismus  consists  of  the  discovery  by  Van  Ermen- 
gem 6 of  a bacillus  in  poisonous  meat  and  the  subsequent  investigation 
of  this  germ  and  its  toxin.  More  than  thirty-four  persons  were 
affected  and  three  of  these  died.  The  period  of  incubation  varied 
from  nine  to  twenty  hours,  and  the  chief  symptoms  were  pain  in  the 
stomach,  contractions  of  the  intestines,  vomiting,  obstinate  constipa- 
tion, pain  in  the  head,  fever  and  delirium,  followed  in  those  who  re- 
covered by  marked  prostration  and  muscular  weakness.  The  man, 
who  died  on  the  fifth  day,  passed  albuminous  urine,  and  section 
showed  acute  gastro-enteritis,  acute  parenchymatous  nephritis,  and 
hyperemia  of  the  lungs.  Investigation  of  the  meat  in  this  case 
showed  the  presence  of  a bacillus  similar  to  that  found  in  other  out- 
breaks of  kreotoxismus,  but  the  greatest  interest  in  the  work  of  Van 
Ermengem  centers  about  the  cases  which  occurred  at  Ellezelles,  in 
Belgium.  The  ham,  which  proved  poisonous  in  this  case,  seemed 
to  be  perfectly  normal.  Those  poisoned  showed  but  little  or  no  evi- 
dence of  gastro-intestinal  irritation,  but  nervous  symptoms  were  very 
prominent,  and  these  consisted  of  diplopia,  mydriasis,  ptosis,  aphagia, 
aphonia  and  anuria.  There  were  two  deaths.  Other  portions  of 
the  carcass  were  eaten  without  harm  and  it  was  observed  that  the 
poisonous  ham  was  the  only  part  of  the  meat  which  was  completely 
submerged  in  the  brine,  and  it  was  inferred  from  this  that  the  harm- 
ful germ  would  be  found  to  be  strictly  anaerobic.  This  inference 

1 Vierteljahrschrift  f.  gerichtl.  Medicin,  1893. 

1 Zeitechrift  f.  Fleisch-  and  Mikhhygiene,  4. 

3 Zeitschriftf.  Hygiene,  22. 

4 Allgemeine  med.  Zeitung,  1894. 

5 Benefit  iiber  das  Veterinarwesen , 1894. 

6 CerUraJMaltf.  Bakteriologie,  19 ; also  ZeiUchriftf.  Hygiene,  26,  1. 
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proved  to  be  correct,  and  it  was  furthermore  found  that  the  bacillus 
produces  a toxin  almost  as  poisonous  as  that  of  the  tetanus  bacillus, 
inasmuch  as  it  requires  only  0.0005  mg.  to  kill  a rabbit  in  twenty-four 
hours.  The  microorganism  has  been  designated  as  bacillus  botu- 
linu6,  and  its  poisonous  product  as  botulismustoxin.  Marinesco 1 
found  that  when  this  toxin  is  administered  by  mouth  to  cats  it 
causes  mydriasis,  partial  paralysis,  aphonia,  impossibility  of  deglu- 
tition, and  muscular  weakness.  He  found  that  the  lesions  induced 
by  this  toxin  are  confined  largely  to  the  cells  of  the  gray  matter  of 
the  cord.  With  very  small  doses  the  lesions  consist  of  a rarefac- 
tion of  the  chromatophil  elements.  Under  the  influence  of  larger 
amounts  of  poison  the  granules  of  Nissl  undergo  more  or  less 
marked  disintegration  or  chromatolysis.  When  fatal  doses  are  ad- 
ministered some  of  these  cells  will  be  found  to  be  completely  de- 
stroyed. Brieger  and  Boer2  have  prepared  this  toxin  by  their 
method  of  precipitation  with  chlorid  of  zinc,  but  were  unable  to  ob- 
tain it  in  a pure  state.  Apparently  it  belongs  to  the  albumoses, 
and  Kempner 3 has  prepared  a specific  antitoxin  by  immunizing  ani- 
mals to  the  toxin.  The  last-mentioned  observer,  together  with  Pol- 
iak, has  confirmed  the  microscopical  studies  of  Marinesco  and  fur- 
thermore has  demonstrated  that,  under  the  influence  of  the  antitoxin, 
cells  which  have  been  injured  by  the  toxin  show  visible  evidence  of 
repair. 

Tyrotoxismus. — In  1 827,  Hiinnefeld  made  analyses  of  poisonous 
cheese  and  experimented  with  extracts  upon  the  lower  animals.  He 
accepted  the  ideas  of  Kerner  in  regard  to  poisonous  sausage  in  a 
somewhat  modified  form,  and  thought  the  active  agents  to  be  sebacic 
and  caseic  acids.  About  the  same  time,  Sertiirner,  making  analyses 
of  poisonous  cheese  for  Westrumb,  also  traced  the  poisonous  principles, 
as  he  supposed,  to  these  fatty  acids.  In  1848,  Christison,  after  re- 
ferring to  the  above-mentioned  work,  made  the  following  statement : 
“ His  (Hiinnefeld’s)  experiments,  however,  are  not  quite  conclusive 
of  the  fact  that  these  fatty  acids  are  really  the  poisonous  principles, 
as  he  has  not  extended  his  experimental  researches  to  the  caseic  and 
sebacic  acids  prepared  in  the  ordinary  way.  His  views  will  probably 
be  altered  and  simplified  if  future  experiments  should  confirm  the 
late  inquiries  of  Braconnot,  who  has  stated  that  Proust’s  caseic  acid 
is  a modification  of  acetic  acid  combined  with  an  acrid  oil.”  In 
1852,  Schlossberger  made  experiments  with  the  pure  fatty  acids  and 
demonstrated  their  freedom  from  poisonous  properties.  Since  the 
overthrow  of  the  fatty  acid  theory  various  conjectures  have  been 
made,  but  none  worthy  of  consideration. 

1 Comptes  rendus  de  la  Societe  de  Biologic,  1896. 

1 Deutsche  med.  Wochenschrifl,  1896. 

3 Deutsche  med.  Wochenschrifl, , 1896  ; Zeitschrifl  f.  Hygiene,  26,  481  ; 27,  213. 
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In  the  years  1883  and  1884  there  were  reported  to  the  Michigan 
State  Board  of  Health  about  three  hundred  cases  of  cheese  poisoning. 
As  a rule,  the  first  symptoms  appeared  within  from  two  to  four 
hours  after  eating  the  cheese.  In  a few,  the  symptoms  were  delayed 
from  eight  to  ten  hours  and  were  very  slight.  The  attending 
physicians  reported  that  the  gravity  of  the  symptoms  varied  with 
the  amount  of  cheese  eaten,  but  no  one  who  ate  of  the  poisonous 
cheese  wholly  escaped.  One  physician  reported  the  following 
symptoms : “ Everyone  who  ate  of  the  cheese  was  taken  with 
vomiting,  at  first  of  a thin,  watery,  later  of  a more  consistent 
reddish-colored  substance.  At  the  same  time  the  patient  suffered 
from  diarrhoea  with  watery  stools.  Some  complained  of  pain  in  the 
region  of  the  stomach.  At  first  the  tongue  was  white,  but  later  it 
became  red  and  dry  ; the  pulse  was  feeble  and  irregular  ; countenance 
pale  with  marked  cyanosis.  One  small  boy,  whose  condition  seemed 
very  critical,  was  covered  all  over  the  body  with  bluish  spots.”  Not- 
withstanding the  severity  of  the  symptoms  in  many,  there  was  no 
fatal  termination  among  these  cases,  though  several  deaths  from 
cheese  poisoning  in  other  outbreaks  have  occurred.  Many  of  the 
physicians  at  first  diagnosed  the  cases  from  the  symptoms  as 
arsenical  poisoning,  and  on  this  supposition  many  of  them  adminis- 
tered ferric  hydrate.  Others  gave  alcohol  and  treated  upon  the 
expectant  plan.  Vaughan,  to  whom  the  cheese  was  sent  for 
analysis,  made  the  following  report : “ All  of  these  three  hundred 
cases  were  caused  by  the  eating  of  twelve  different  cheeses.  Of  these, 
nine  were  made  at  one  factory  and  one  each  at  three  other  factories. 
Of  each  of  the  twelve  I received  smaller  or  larger  pieces.  Of  each 
of  ten  I received  only  small  amounts.  Of  each  of  the  other  two 
I received  about  eighteen  kilograms.  The  cheese  was  in  good  con- 
dition, and  there  was  nothing  in  the  taste  or  odor  to  excite  suspicion. 
However,  from  a freshly  cut  surface  there  exuded  numerous  drops 
of  a slightly  opalescent  fluid  which  reddened  litmus  paper  quickly 
and  intensely.  Although,  as  I have  stated,  I could  discern  nothing 
peculiar  in  the  odor,  if  two  samples,  one  of  good,  the  other  of 
poisonous  cheese,  were  placed  before  a dog  or  cat,  the  animal  would 
invariably  select  the  good  cheese ; but  if  only  poisonous  cheese  were 
offered  and  the  animal  was  hungry,  it  would  partake  freely.  A cat 
was  kept  for  seven  days  and  fed  only  poisonous  cheese  and  water. 
It  ate  freely  of  the  cheese  and  manifested  no  untoward  symptoms. 
After  the  seven  days  the  animal  was  etherized  and  abdominal  sec- 
tion made.  Nothing  abnormal  could  be  found.  I predicted,  how- 
ever, in  one  of  my  first  articles  on  poisonous  cheese  that  the  isolated 
poison  would  affect  lower  animals.  At  first  I made  an  alcoholic 
extract  of  the  cheese.  After  the  alcohol  was  evaporated  in  vacuo  at 
a low  temperature  a residue,  consisting  mainly  of  fatty  acids,  re- 
mained. I ate  a small  bit  of  this  residue,  and  found  that  it  pro- 
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duced  dryness  of  throat,  nausea,  vomiting  and  diarrhoea.  The  most 
of  this  extract  consisted  of  fats  and  fatty  acids  and  for  some  weeks  I 
endeavored  to  extract  the  poison  from  these  fats,  but  all  attempts 
were  unsuccessful.  I then  made  an  aqueous  extract  of  the  cheese, 
filtered  this,  and  drinking  some  of  it,  found  that  it  also  was  poison- 
ous. But  after  evaporating  the  aqueous  extract  to  dryness  on  the 
water-bath  at  100°  the  residue  thus  obtained  was  not  poisonous. 
From  this  I ascertained  that  the  poison  was  decomposed  or  vola- 
tilized at  or  below  the  boiling  point  of  water.  I then  tried  distillation 
at  a low  temperature,  but  by  this  the  poison  seemed  to  be  decomposed. 
Finally,  I made  the  clear,  filtered  aqueous  extract,  which  was 
highly  acid,  alkaline  with  sodium  hydrate,  agitated  this  with  ether, 
removed  the  ether,  and  allowed  it  to  evaporate  spontaneously.  The 
residue  was  highly  poisonous.  By  re-solution  in  water  and  extraction 
with  ether,  the  poison  was  separated  from  foreign  substances.  As 
the  ether  took  up  some  water,  this  residue  consisted  of  an  aqueous 
solution  of  the  poison.  After  this  was  allowed  to  stand  for  some 
hours  in  vacuo  over  sulphuric  acid,  the  poison  separated  in  needle- 
shaped  crystals.  From  some  samples,  the  poison  crystallized  from 
the  first  evaporation  of  the  ether,  and  without  standing  in  vacuo. 
This  happened  only  when  the  cheese  contained  a comparatively  large 
amount  of  the  poison.  Ordinarily,  the  microscope  was  necessary  to 
detect  the  crystalline  shape.  From  sixteen  kilograms  of  one  cheese 
I obtained  about  0.5  gram  of  the  poison,  and  in  this  case  the  indi- 
vidual crystals  were  plainly  visible  to  the  unaided  eye.  From  the 
same  amount  of  another  cheese  I obtained  only  about  0.1  gram,  and 
the  crystals  in  this  case  were  not  so  large.  I have  no  idea,  how- 
ever, that  by  the  method  used  all  the  poison  was  separated  from  the 
cheese.” 

To  this  substance  the  name  tyrotoxicon  (rupoc;,  cheese,  and  to&xov, 
poison),  which  had  formerly  been  used  to  designate  the  undiscovered 
active  agent  in  poisonous  cheese,  was  given.  During  1887,  Wallace 
found  tyrotoxicon  in  two  samples  of  cheese  which  had  caused  serious 
illness.  The  first  of  these  came  from  Jeanesville,  Pa.,  and  the  symp- 
toms as  reported  to  Wallace  by  Doolittle,  who  had  charge  of  the 
cases,  were  as  follows  : 

Some  fifty  persons  were  affected  and  in  the  majority  of  these  the 
symptoms  appeared  within  from  two  to  four  hours,  and  consisted  of 
vertigo,  vomiting  and  severe  rigors,  varying  in  their  order  of  appear- 
ance and  severity.  Chills  and  vomiting  were  the  most  constant  and 
marked  symptoms,  and  were  soon  followed  by  pain  in  the  epigastric 
region,  cramps  in  the  feet  and  lower  limbs,  purging  and  griping  pain 
in  the  bowels,  a sensation  of  numbness,  especially  in  the  limbs,  and 
marked  prostration,  in  some  amounting  almost  to  collapse.  The 
vomit  at  first  consisted  of  the  contents  of  the  stomach  and  had  a 
strong  cheesy  odor ; afterward,  it  contained  mucus,  bile,  and,  in  the 
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more  severe  cases,  blood.  The  diarrhoeal  discharges,  at  first  fecal, 
later  became  watery  and  light  colored.  No  deaths  resulted,  and  for 
the  most  part  the  effects  were  transient,  and  all  that  remained  on  the 
following  day  were  the  prostration  and  numbness,  which  disappeared 
in  from  one  to  three  days.  Children  apparently  suffered  less  than 
adults.  All  remarked  on  the  suddenness  of  the  attack,  feeling  per- 
fectly well  until  nausea  and  vertigo  set  in.  W*olff  detected  tyrotox- 
icon  in  cheese  which  poisoned  several  persons,  at  Shamokin,  Pa. 
The  pores  of  this  cheese  were  found  filled  with  a grayish-green  fun- 
goid growth,  though  it  is  not  supposed  that  this  was  connected  in 
any  way  with  the  poisonous  nature  of  the  food.  Tests  were  made 
for  mineral  and  vegetable  poisons  with  negative  results,  after  which 
tyrotoxicon  was  recognized  both  by  chemical  and  physiological  tests. 
Ehrhart  published  the  history  of  cases  of  poisoning  from  Limburger 
cheese.  The  rind  was  covered  with  a heavy  mould,  while  the  inte- 
rior had  become  fluid  from  putrefaction  and  was  of  bitter  taste. 
Three  ate  only  of  the  mouldy  rind,  and  these  remained  well.  The 
next  morning,  five  who  had  eaten  of  the  other  portion  suffered  from 
vertigo,  nausea,  vomiting  and  abdominal  pains;  no  stools.  The 
father  of  the  family  had  convulsive  movements  of  all  the  extremities ; 
his  pupils  were  dilated,  and  did  not  respond  to  light;  there  were 
double  vision,  cold  sweat,  cyanotic  skin,  distended  abdomen,  difficulty 
in  swallowing,  delirium,  mild  trismus,  and  a temperature  of  40°. 
The  temperature  of  the  mother,  on  account  of  the  great  collapse,  was 
subnormal ; she  had  no  convulsive  movements,  but  was  unconscious 
for  many  hours.  Dokkum  obtained  from  poisonous  cheese,  by  a 
modification  of  the  method  already  given  for  the  separation  of  tyro- 
toxicon, a basic  substance,  which  when  injected  into  frogs  in  doses 
of  5 mg.  caused  paralysis,  and  death  within  thirty  minutes.  This 
investigator  thinks  that  the  base  thus  obtained  by  himself  is  not 
tyrotoxicon,  but  a curare-like  poison  for  which  he  suggests  the  name 
tyrotoxin. 

For  some  time  after  the  discovery  of  tyrotoxicon  it  was  supposed 
that  all  cases  of  cheese  poisoning  are  due  to  this  substance,  but  sub- 
sequent investigations  have  shown  that  there  are  other  toxins  formed 
in  cheese  and  that  tyrotoxicon  is  a somewhat  rare  poison.  In  1 890, 
Vaughan,  having  failed  to  find  any  evidence  of  tyrotoxicon  in  numer- 
ous samples  of  poisonous  cheese,  was  led  to  test  for  other  toxins. 
He  obtained  an  albumose,  forty  drops  of  an  aqueous  solution  of 
which  when  injected  under  the  skin  on  the  back  of  cats  produced 
vomiting  and  purging,  followed  by  marked  prostration  and  termi- 
nating in  some  instances  in  death.  This  substance  belongs  to  the  so- 
called  poisonous  albumins.  From  its  aqueous  solution  it  is  not  precip- 
itated by  heat  or  nitric  acid,  singly  or  combined.  It  is  not  precipi- 
tated by  saturation  with  sodium  sulphate,  nor  by  a current  of  carbonic 
acid  gas  ; therefore  it  is  not  a globulin.  It  is  precipitated  by  satura- 
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tion  with  ammonium  sulphate,  and  this  fact  distinguishes  it  from  the 
peptons.  In  1895  Vaughan  and  Perkins  obtained  from  a piece  of 
cheese  which  had  proved  fatal  to  one  man,  two  bacilli,  one  of  which 
elaborates  an  active  toxin  ; both  filtered  and  heated  cultures  kill  ani- 
mals promptly.  Vaughan  and  McClymonds  1 examined  sixty-five 
samples  of  cheese  from  as  many  different  manufacturer's.  Of  these, 
forty-nine  were  what-is  ordinarily  known  as  American  green  cheese. 
These  were  made  in  Michigan,  Wisconsin,  Illinois,  New  York, 
and  Canada.  Eight  of  the  forty-nine  samples  were  sent  to  the 
laboratory  because  persons  eating  them  had  suffered  from  nausea, 
vomiting  and  purging ; the  other  samples  were  not  known  to  be 
poisonous.  Everyone  of  the  forty-nine  samples  of  American  green 
cheese  furnished  cultures  which  killed  white  rats,  guinea-pigs 
and  rabbits.  The  toxicogenic  germ  in  all  these  samples  belongs  to 
the  colon  group,  and  whether  or  not  a given  sample  of  green  cheese 
unpleasantly  affects  the  consumer  will  depend  upon  the  amount  and 
virulence  of  the  germ  present  in  the  cheese.  Vaughan  and  Cooley 2 
have  shown  that  the  colon  toxin  is  contained  in  the  germ  cell  from 
which  it  does  not,  at  least  under  ordinary  conditions,  diffuse  into  the 
culture  medium.  This  toxin  may  be  heated  in  water  to  a very  high 
temperature  without  destruction  of  its  toxicity,  as  is  illustrated  by 
the  following  experiment : 200  mg.  of  the  crude  toxin  was  placed 
with  10  c.c.  of  water  in  a tube  which  was  sealed  and  heated  to  184° 
for  thirty  minutes.  On  opening  the  tube  the  content  was  found  to 
be  milky  and  microscopical  examination  showed  a granular  mass 
containing  a few  unbroken  cells.  Portions  of  this  heated  substance 
injected  into  guinea-pigs  caused  death,  and  autopsy  showed  the 
lesion  usually  found  in  these  animals  when  killed  with  colon  toxin. 
Apparatus  has  been  devised  for  obtaining  the  colon  toxin  in  large 
amount3  and  it  has  been  found  that  with  a very  virulent  culture  the 
powdered  germ  is  often  sufficiently  toxic  to  kill  guinea-pigs  of  200 
gram  weight  in  doses  of  ^ mg. 

Galactotoxismus. — Tyrotoxicon  has  been  found  in  milk  in  numer- 
ous instances,  having  first  been  detected  in  this  fluid  in  1885,  soon 
after  its  discovery  in  cheese.  In  1886  Newton  and  Wallace  detected 
this  poison  in  milk  which  seriously  affected  a large  number  of  persons 
at  Long  Branch.  The  poisonous  milk  came  solely  from  one  dairy- 
man and  investigation  showed  the  following  condition  of  affairs  : 
The  cows  were  mil  ked  at  the  unusual  hours  of  midnight  and  noon,  and 
the  noon’s  milk — that  which  alone  was  followed  by  illness — was 
placed  while  hot  in  the  cans,  and  then,  without  any  attempt  at  cool- 
ing, carted  eight  miles  during  the  warmest  part  of  the  day  in  a very 
hot  month.  During  this  time  the  unknown  germ  which  elaborates 

1 Jacobi  Festschrift,  p.  108. 

i Journal  oj  the  American  Medical  Association,  1901 , also  American  Medicine,  1901. 

3 Transactions  of  the  Association  of  American  Physicians,  1901. 
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tyrotoxicon  undoubtedly  grew  abundantly  in  the  milk  and  its  toxin 
was  easily  detected  by  both  chemical  and  physiological  tests.  In  the 
same  year  Schearer  found  tyrotoxicon  in  milk  used  by,  and  in  the 
vomited  matter  of,  persons  made  sick  at  a hotel  at  Corning,  la.  In 
1887,  Firth,  an  English  army  surgeon,  stationed  in  India,  reported 
an  outbreak  of  milk  poisoning  among  the  soldiers  of  his  garrison. 
From  the  milk  he  separated,  by  the  method  already  given,  tyrotoxi- 
con and  demonstrated  its  action  upon  the  lower  animals.  In  the 
same  year  Vaughan  reported  the  Milan  cases  of  milk  poisoning, 
three  of  which  terminated  fatally.  His  report  of  his  observation  of 
the  symptoms  is  as  follows : I first  saw  these  patients,  Sunday,  Sep- 
tember 25th;  on  a sofa  in  the  room  we  found  the  daughter,  who  had 
been  vomiting  during  the  day  and  seemed  much  exhausted.  She 
was  not  inclined  to  talk,  and  seemed  to  be  in  a stupor,  though  when 
spoken  to  she  responded  rationally.  Her  pupils  were  slightly  dilated, 
her  tongue  coated,  her  pulse  120  and  weak;  her  face  pale;  and  a 
violent  throbbing  could  be  felt  over  the  abdomen,  which  was  re- 
tracted. Her  temperature  was  96°  F.  In  another  room  were  the 
father,  mother  and  son,  two  of  them  dying.  The  father  was  rational 
and  talked  with  some  freedom,  when  asked  concerning  the  kind  of 
food  they  had  been  eating.  His  pupils  were  normal,  his  face  could 
not  be  said  to  present  any  peculiar  feature,  his  pulse  was  rapid, 
breathing  somewhat  rapid,  and  the  throbbing  in  the  abdominal  area 
was  plainly  felt.  The  abdomen  was  retracted  and  there  was  no 
pain  on  pressure.  He  complained  of  a burning  constriction  of  the 
throat,  swallowed  with  difficulty,  and  said  that  his  throat  and  stom- 
ach felt  as  though  they  were  on  fire.  The  mother  lay  with  eyelids 
closed  as  if  in  a deep  sleep.  Her  pulse  was  rapid,  her  face  had  a 
livid  flush,  her  breathing  was  about  35  per  minute,  and  labored. 
The  skin  was  cool,  but  neither  abnormally  moist  nor  specially  dry 
and  harsh.  She  could  not  be  aroused.  In  fact,  she  was  comatose. 
The  son  rolled  uneasily  from  one  side  of  the  bed  to  the  other.  His 
breathing  also  was  labored.  His  eyelids  were  closed,  and  the  pupils 
were  markedly  dilated — did  not  respond  to  light.  He  could  not  be 
aroused.  In  mother  and  son,  as  well  as  in  father  and  daughter,  the 
abdomen  was  retracted,  and  the  throbbing  in  the  abdominal  area  was 
easily  felt. 

The  symptoms  were  not  those  of  morphin,  strychnin,  digitalis,  or 
aconite.  They  did  have  some  resemblance  to  those  of  belladonna 
but  were  not  identical ; the  pupils  were  not  so  widely  dilated  as  they 
are  in  belladonna  poisoning  ; there  was  in  none  of  these  persons  the 
active  delirium  of  belladonna  poisoning  ; there  was  no  picking  at  the 
clothing  ; no  grasping  of  imaginary  objects  in  the  air ; no  hallucina- 
tions of  vision. 

The  family,  which  consisted  of  the  four  sick  persons  and  of  a 
daughter  about  twenty  years  of  age,  who  was  away  from  home  at  the 
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time  when  the  others  were  taken  ill  and  for  some  months  before  that 
time,  was  evidently  a tidy  one.  This  was  shown  by  their  personal 
appearance  and  by  the  clothing  and  bedding ; but  the  house  in  which 
they  lived  was  old,  and  much  decayed.  One  corner  of  one  of  the 
rooms  had  been  transformed  into  a buttery,  and  in  this  the  food  was 
kept  on  shelves.  On  account  of  the  more  frequent  scouring  de- 
manded by  that  part  of  the  house  the  boards  constituting  the  floor 
had  rotted  away,  and  a second  layer  had  been  placed  over  the  original 
floor.  Between  these  two  floors  there  was  found  a great  mass  of 
moist,  decomposing  matter,  the  accumulation  of  years,  which  the 
broom  could  not  reach.  When  this  floor  was  taken  up,  a peculiar, 
nauseating  odor  was  observable,  and  was  sufficient  to  cause  actual 
vomiting  in  one  of  the  persons  engaged  in  the  examination.  Tyro- 
toxicon  was  found  in  milk  which  had  been  used  by  the  family  and 
had  stood  in  this  room,  and  it  was  also  produced  in  sterilized  milk 
by  inoculating  it  with  bits  of  earth  taken  from  between  the  floors. 
An  autopsy  held  on  one  of  the  fatal  cases  showed  as  the  most  marked 
abnormality  tightly  constricted  areas  of  the  large  intestine  such  as  is 
sometimes  seen  in  lead  poisoning,  and  which  had  been  quite  gener- 
ally observed  in  the  lower  animals  experimentally  killed  by  the  ad- 
ministration of  tyrotoxicon.  Novy  tested  a cold-water  extract  of 
the  finely-divided  intestines  for  ptomains.  The  fluid,  which  was 
acid  in  reaction  was  filtered,  then  neutralized  with  sodium  carbon- 
ate, and  shaken  with  ether.  The  ether,  after  separation,  was  re- 
moved and  allowed  to  evaporate  spontaneously.  The  residue  was 
dissolved  in  water  and  extracted  again  with  ether.  This  ether  resi- 
due gave  the  chemical  reactions  for  tyrotoxicon  and  a portion  of  it 
was  administered  to  a kitten  about  two  months  old.  Within  one- 
half  hour  the  kitten  began  to  retch  and  soon  it  vomited,  and  within 
the  next  three  hours  it  vomited  as  many  as  five  times.  There  was 
no  purging  but  the  retching  and  heavy  breathing,  with  evidences  of 
prostration,  continued  more  or  less  marked  for  two  days,  after  which 
the  animal  slowly  recovered.  A quantity  of  fresh  milk  was  divided 
into  five  portions  of  one  quart  each,  placed  in  bottles  which  had 
been  thoroughly  cleansed,  and  treated  in  the  following  manner  : No. 
1 consisted  of  the  milk  only,  and  was  employed  as  a control  test. 
No.  2 was  mixed  with  a drachm  of  vomited  matter.  No.  3 was 
treated  with  a portion  of  the  contents  of  the  stomach.  No.  4 was 
treated  with  an  aqueous  extract  of  the  intestine.  No.  5 was  treated 
with  a small  portion  of  the  soil  which  had  been  taken  from  the  floor 
of  the  buttery,  stirred  up  with  water. 

These  bottles  were  placed  in  an  air-bath  and  kept  at  a tempera- 
ture of  from  25°  to  30°  for  twenty-four  hours,  and  then  each  was 
tested  for  tyrotoxicon,  the  result  in  No.  1 being  negative,  while  in 
all  of  the  others  it  was  positive.  These  tests  were  both  chemical 
and  physiological.  All  the  samples  yielded  a non-poisonous  base 
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when  treated  according  to  Brieger’s  method,  and  the  same  substance 
was  obtained  from  perfectly  fresh  milk.  It  was  most  probably 
formed  by  the  action  of  the  heat  and  reagents  employed  in  this 
method.  This  base  was  obtained  in  crystalline  form,  and  several 
portions  of  it  were  administered  to  kittens  without  effect.  Tyro- 
toxicon  was  obtained  from  the  filtered  milk  by  two  methods  : (1) 

The  method  which  has  been  previously  described,  and  which  con- 
sists in  neutralizing  the  filtered  milk  with  sodium  carbonate  and  ex- 
tracting with  ether.  That  portion  of  the  poison  employed  in  the 
physiological  tests  was  obtained  in  this  way,  and  in  order  to  be  sure 
that  no  poison  came  from  the  ether,  the  extract  from  the  milk  to 
which  nothing  had  been  added,  was  given  to  a kitten,  and  was 
found  to  produce  no  effect.  (2)  The  filtrate  from  the  milk  was 
heated  to  70°  for  some  minutes  and  refiltered.  This  filtrate,  which 
was  perfectly  clear,  was  treated  with  a small  quantity  of  nitric  acid 
in  order  to  convert  the  tyrotoxicon  into  a nitrate.  Then  pure 
potassium  hydrate  in  the  solid  form  was  added  until  the  solution 
was  strongly  alkaline.  This  solution  was  concentrated  so  far  as  it 
could  be  on  the  water-bath.  (The  potassium  compound  of  tyrotoxi- 
con is  not  decomposed  below  130°.)  The  dark  brown  residue,  after 
cooling,  was  examined  with  the  microscope  and  found  to  contain 
the  crystalline  plates  of  tyrotoxicon  potassium  hydrate,  along  with 
the  prisms  of  potassium  nitrate.  The  former  was  separated  from 
the  latter  by  extraction  with  absolute  alcohol  and  filtration.  The 
alcohol  was  evaporated  to  dryness  on  the  water-bath,  and  the  res- 
idue again  extracted  with  alcohol.  From  this  alcoholic  solution 
tyrotoxicon  was  precipitated  with  ether.  The  precipitate  was  decom- 
posed by  adding  acetic  acid  and  heating,  the  tyrotoxicon  being 
broken  up  into  nitrogen  and  phenol.  The  phenol  was  recognized 
by  precipitation  with  bromine  water,  and  by  other  well-known  tests. 

The  coroner’s  jury,  after  hearing  the  testimony  briefly  outlined 
above,  rendered  a verdict  of  death  from  poisoning  with  tyrotoxicon, 
and,  so  far  as  we  know,  this  is  the  first  instance  in  which  a jury  has 
rendered  a verdict  of  death  due  to  a putrefactive  poison. 

Camman  reported  twenty-three  cases  of  milk  poisoning  which  he 
attributed  to  tyrotoxicon,  although  this  substance  could  not  be  found 
in  the  milk,  and  Kinnicutt  has  isolated  tyrotoxicon  from  milk  which 
had  been  kept  for  some  hours  in  unclean  vessels. 

Gaffky  has  reported  a case  of  enteritis,  closely  simulating  typhoid 
fever,  which  was  due  to  the  presence  of  a virulent  form  of  the  colon 
bacillus  in  the  milk  consumed  by  the  individual.  The  cow  that 
gave  this  milk  was  at  the  time  suffering  from  a bloody  diarrhoea, 
and  it  is  more  than  probable  that  some  of  the  liquid  discharged 
from  the  animal  fell  upon  the  udder  or  in  some  other  manner  found 
its  way  into  the  milk.  Rehn  has  reported  similar  cases  and  has  de- 
tected the  colon  bacillus  in  the  milk  taken  by  the  sick. 
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Ice  cream,  frozen  custard,  cream  puffs,  and  other  articles  of  food 
consisting  largely  of  milk,  are  frequently  harmful.  The  injurious 
effects  of  these  substances  have  been  attributed  to  plants  eaten  by 
the  animals,  and  the  flavoring  and  coloring  matters  used  in  the  prep- 
aration of  these  foods.  Even  within  recent  years  the  claim  has 
been  put  forward  that  ice  cream  poisoning  is  due  to  artificially  pre- 
pared vanillin,  but  vanilla  extracts  used  in  the  preparation  of  foods, 
which  prove  to  be  poisonous,  have  been  swallowed  in  large  quanti- 
ties by  chemists  and  have  been  administered  to  animals  without  the 
slightest  effect  It  has  also  been  claimed  that  ice  cream  often  owes 
its  poisonous  properties  to  small  quantities  of  zinc  or  tin  dissolved 
during  the  process  of  freezing.  This  statement  is  perfectly  absurd 
when  we  find,  as  we  frequently  do,  that  a sample  of  ice  cream  will 
act  more  powerfully  as  an  emetic  than  will  sulphate  of  zinc,  grain  for 
grain.  It  is  within  the  range  of  possibility  that  poisonous  extracts 
may  be  used  in  flavoring  milk  preparations  and  it  is  a well-known 
fact  that  chromate  of  lead  has  been  found  in  cream  puffs.  But  it  is 
certainly  true  that  neither  flavoring  agent  nor  metals  are  account- 
able for  the  injurious  effects  observed  to  follow  the  eating  of  poison- 
ous ice  cream  and  similar  milk  products.  Moreover,  ice  cream 
flavored  with  chocolate  and  that  flavored  with  lemon  have  also  been 
observed  to  be  poisonous,  and  vanilla  ice  cream  is  more  frequently 
poisonous  for  the  very  good  reason  that  this  flavoring  is  used  more 
largely  than  any  other,  and  possibly  than  all  others  combined. 

Vaughan  and  Novy  have  found  tyrotoxicon  in  numerous  samples 
of  poisonous  ice  cream  and  custard.  Schearer  reported  the  same 
poison  in  both  vanilla  and  lemon  ice  cream  which  made  many  sick 
at  Nugent,  la.  Allaben  observed  numerous  cases  poisoned  with 
lemon  ice  cream,  and  Welford  has  obtained  tyrotoxicon  from  custard 
flavored  with  lemon.  It  must  not  be  inferred,  however,  that  this  is 
the  only  toxin  that  is  found  in  ice  cream  and  other  milk  compounds. 
In  1896,  Vaughan  and  Perkins1  reported  the  detection  of  a new 
toxin  in  both  ice  cream  and  cheese.  This  substance  differs  from 
tyrotoxicon  chemically  inasmuch  as  it  is  not  removed  from  alkaline 
solutions  by  extraction  with  ether.  Physiologically  its  action  on  the 
heart  closely  resembles  that  of  muscarin  or  neurin.  Pathologically 
it  induces  a high  degree  of  local  inflammation  when  injected  subcu- 
taneously or  intra-peritoneally ; and  after  death  the  contractions  of 
the  intestines  so  characteristic  of  tyrotoxicon  poisoning  were  never 
found,  although  more  than  200  animals  were  experimented  upon  in 
this  investigation.  In  the  persons  poisoned  with  this  food,  symptoms 
appeared  within  from  three  to  six  hours  and  at  first  consisted  of 
nausea  which  in  all  instances  was  followed  by  vomiting.  Diarrhoea 
was  present  in  the  majority  but  not  in  all.  The  vomiting  was  ac- 
■companied  by  sharp  pains  through  the  abdomen,  and  it  is  stated  that 

1 Archiv  /.  Hygiene,  27. 
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in  some  the  pain  was  partially  relieved  by  strong  pressure.  The 
most  alarming  phenomenon  to  the  physicians  in  attendance  was 
feebleness  of  the  heart’s  action.  The  hands  and  feet  grew  cold,  then 
the  entire  body  became  cool  and  clammy,  and  in  many  the  radial 
pulse  was  not  perceptible.  This  condition,  together  writh  a heavy 
stupor  in  some,  gave  occasion  for  alarm,  and  hypodermic  injections 
of  brandy,  digitalis,  strychnin  and  nitroglycerin  were  employed,  each 
physician  selecting  the  stimulant  in  which  he  had  the  most  confidence, 
or  taking  that  which  he  had  at  hand.  In  one  instance  the  patient 
became  wildly  delirious,  crying  out  and  attempting  to  rise  from  the 
bed.  Those  who  vomited  but  little  and  had  no  diarrhoea  fell  into  a 
heavy  stupor,  and  it  is  highly  probable  that  these  were  in  greater 
jeopardy  than  the  others.  The  early  and  thorough  vomiting  doubt- 
less was  the  most  potent  agent  in  saving  those  who  had  taken  the 
larger  quantities  of  the  infected  food.  The  toxin  formed  by  the  germ 
found  in  this  food  is  not  destroyed  by  boiling.  The  germ  which 
produced  this  toxin  bears  a close  resemblance  to  the  colon  bacillus, 
but  differs  from  a typical  member  of  this  group  in  the  following 
particulars:  (1)  The  new  bacillus  failed  to  give  the  indol  reaction. 
(2)  Both  coagulate  milk,  but  the  new  germ  acts  more  promptly  than 
the  colon  bacillus.  (3)  The  pleasant  butyric  ether  odor  of  milk  cul- 
tures of  the  new  bacillus  is  not  developed  in  cultures  of  the  colon 
bacillus  in  the  same  medium.  (4)  The  new  germ  grows  abundantly 
on  carrots  forming  a creamy  layer,  and  gives  off  a sour  odor ; while 
the  colon  bacillus  grows  much  less  vigorously  and  gives  off  no  sim- 
ilar odor. 

Undoubtedly  there  are  many  forms  of  the  colon  bacillus  which 
frequently  find  their  way  into  milk  and,  on  account  of  the  toxin  con- 
tained within  their  cells,  they  render  this  and  various  other  foods 
of  which  milk  is  a constituent  more  or  less  poisonous. 

Sitotoxismus. — Under  the  heading  of  sitotoxismus  we  may  include 
all  forms  of  poisoning  with  vegetable  foods  infected  with  moulds  and 
bacteria.  All  sitotoxicons  are  not  bacterial  products  ; however,  for 
completeness  we  will  briefly  review  the  entire  subject,  excluding,  of 
course,  all  cases  of  poisoning  due  to  admixture  with  mineral  sub- 
stances. We  shall  also  attempt  to  exclude  as  far  as  possible  all  dis- 
cussion of  plants  that  are  in  and  of  themselves  poisonous. 

Ergotismus,  sometimes  called  ergotism,  is  due  to  poisoning  with  a 
fungus  known  as  claviceps  purpurea,  which  develops  in  the  flowers 
of  rye,  other  grains,  and  certain  wild  grasses.  It  is  most  frequently 
found  in  rye  and  darnel.  Early  in  the  development  of  the  rye  flower 
there  may  appear  in  its  interior  a sweet,  unpleasant-smelling  liquid 
which  sometimes  forms  so  abundantly  that  it  overflows,  runs  down 
upon  the  stalk,  and  falls  upon  the  ground.  The  sugar  which  it  con- 
tains attracts  ants  and  other  insects,  and  these  aid  in  the  distribution 
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of  the  fungus.  There  are  certain  conditions  which  are  known  to 
favor  the  development  of  this  parasite.  It  is  more  common  when 
there  is  a rainy  spring  followed  by  a hot,  dry  summer.  Thorough 
cultivation  of  the  soil  kills  the  parasite,  and  for  this  reason  ergot  is 
more  abundant  in  countries  where  the  soil  is  not  well  cultivated,  and 
ergotism  has  within  recent  years  prevailed  in  epidemic  form  only  in 
.Russia  and  in  Spain.  Grains  of  ergot,  after  having  been  exposed  to 
the  air  for  a few  months,  lose  in  large  part  their  toxicity,  and  con- 
sequently epidemics  of  ergotism  follow  closely  upon  the  harvests, 
and  especially  upon  poor  harvests,  when  the  parasite  is  most  abund- 
ant and  the  people  are  compelled  to  feed  upon  what  they  have  with- 
out close  inquiry  as  to  its  quality.  However,  it  may  be  pointed  out 
here  that  in  the  present  state  of  civilization  there  is  but  little  excuse 
for  the  existence  of  epidemics  of  ergotism.  In  the  first  place,  thorough 
cultivation  of  the  soil  would  soon  completely  eradicate  this  mould, 
and  a proper  selection  of  seed  would  do  much  in  the  same  direction. 

As  early  as  1858  Kuhn  pointed  out  the  benefit  that  would  be  secured 
by  an  early  harvesting  of  fields  contaminated  with  ergot,  as  by  this 
means  the  spread  and  consequent  development  of  this  parasite  would 
be  largely  prevented.  Moreover,  the  ergot  grain  is  much  larger 
than  that  of  rye,  and  this  difference  in  size  permits  of  the  easy  sep- 
aration of  the  two  by  means  of  sieves  especially  constructed  for  this 
purpose.  The  commercial  value  of  ergot  is  so  much  greater  than 
that  of  rye  that  the  time  given  to  the  separation  of  the  two  would  be 
profitably  spent,  and  yet  so  dense  is  the  ignorance  and  so  pronounced 
is  the  indolence  of  certain  peasant  classes  that  epidemics  of  ergotism 
continue  and  probably  will  continue  for  many  years. 

Kobert  and  his  student,  Griinefeld,  have  found  three  poisons  in 
ergot;  these  are  ergotinic  acid,  sphacelinic  acid  and  cornutin.  The 
first  of  these,  ergotinic  acid,  is  poisonous  when  injected  subcutane- 
ously or  intravenously,  but  seems  to  be  devoid  of  harmful  properties 
when  taken  by  the  mouth,  hence  it  can  play  no  part  in  the  causation 
of  ergotism.  In  all  cases  of  ergotism  both  the  sphacelinic  acid  and 
the  cornutin  are  contained  in  the  ergot ; therefore,  a clinical  picture 
of  the  disease  must  be  a composite  resulting  from  the  combined 
action  of  the  two,  and  it  must  vary  with  the  preponderance  of  one  or 
the  other  in  the  ergot  taken. 

It  is  believed  that  sphacelinic  acid  is  the  constituent  of  ergot  that  ^ 
causes  gangrene  and  develops  the  cachexia  of  the  disease.  Grune- 
feld  fed  animals  with  sphacelinic  acid  and  induced  gangrene  in  all ; 
in  cocks,  the  comb,  then  the  wattles,  tongue,  wings  and  crop,  re- 
spectively were  affected ; in  hogs,  the  ears  fell  off,  bit  by  bit ; in 
horses  and  cows,  the  tails,  ears  and  hoofs  separated  ; while  in  dogs 
and  cats  the  gangrene  usually  began  in  the  skin.  When  locally  ap- 
plied in  concentrated  solution  sphacelinic  acid  causes  gangrene  of 
the  tissues  with  which  it  comes  in  contact  and  this  explains  the 
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necrosis  of  the  living  tissue,  the  ulcerations,  and  the  hemori’hages 
into  the  intestines. 

Cornutin  does  not  cause  death  of  tissue,  but  acts  directly  upon  the 
nervous  system,  and  is  believed  to  be  the  active  agent  in  the  causa- 
tion of  ergotismus  convulsivus.  It  acts  on  the  brain  and  cord, 
affecting  the  vagus  and  vasomotor  centers,  and  acting  through  the 
lumbar  cord  upon  the  uterus.  Cornutin  readily  undergoes  decom- 
position, gradually  losing  its  virulence,  and  is  found  only  in  fresh 
ergot,  disappearing  more  quickly  than  sphacelinic  acid.  For  this 
reason  it  happens  that  those  symptoms  due  to  cornutin  are  more 
prominent  in  outbreaks  occurring  soon  after  the  harvest ; while  those 
due  to  sphacelinic  acid  are  seen  in  both  early  and  late  epidemics. 

There  are  some  reasons  for  believing  that  there  are  bacterial  prod- 
ucts formed  in  ergotized  bread,  and  to  these  has  been  attributed  the 
septic  character  of  certain  epidemics  of  ergotism.  However,  this  is  a 
mere  supposition  and  there  has  been  no  scientific  experimentation 
made  in  its  support.  It  is  easy  to  see  how  sepsis  occurs  in  ergotism 
without  the  necessity  of  supposing  the  presence  of  bacterial  products 
in  ergotized  bread.  In  gangrene  of  the  intestines  bacterial  infection 
through  the  diseased  intestinal  walls  may  easily  occur ; so  in  gan- 
grene of  the  skin  infection  from  without  may  take  place  with  equal 
readiness. 

Lathyrismus,  or  lathyrism,  is  a form  of  spastic  spinal  paralysis  due 
to  intoxication  from  the  eating  of  the  seeds  of  certain  species  of  the 
genus  Lathyrus  of  the  vetch  tribe.  Of  the  more  than  120  known 
species  of  lathyrus,  13  are  native  to  the  United  States,  and  others 
are  cultivated  here  on  account  of  their  showy  flowers,  the  sweet  pea 
of  the  garden  being  an  example  of  the  latter.  In  northern  Africa 
and  southern  Europe  lathyrism  has  been  frequently  observed,  and  it 
occasionally  occurs  in  India  and  other  parts  of  Asia.  The  literature 
of  lathyrism  shows  that  this  disease  was  formerly  much  more  prev- 
alent than  it  is  at  present.  As  early  as  1671  it  was  known  that 
bread  made  of  vetch  seeds  mixed  with  graham  seriously  affected 
those  who  ate  of  it  for  any  length  of  time  and  the  Grand  Duke  of 
Wiirtemberg  issued  an  edict  forbidding  the  use  of  food  of  this  kind. 
It  was  then  noticed  that  those  who  ate  of  this  bread  suffered  from 
marked  stiffness  of  the  extremities  and  the  disease  was  regarded  as 
incurable,  although  death  seldom  resulted  from  it.  Numerous  at- 
tempts have  been  made  to  isolate  the  poisonous  principle  or  prin- 
ciples of  lathyrus,  but,  so  far,  the  results  obtained  have  been  unsat- 
isfactory and  to  some  extent  contradictory.  Teilleux  obtained  a 
resinous  body  which,  when  administered  to  rabbits  in  gram  doses, 
caused  tetanic  movements  of  the  muscles  and  finally  paralysis  of  the 
posterior  extremities,  death  occurring  within  four  days.  From 
lathyrus  cicera,  Bourlier  obtained  an  extract  which  killed  frogs  and 
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small  birds  within  forty-eight  hours  at  most.  An  alkaloidal  body 
was  obtained  by  Marie  from  the  seeds  of  the  lathyrus  sativa ; how- 
ever, this  substance  when  administered  subcutaneously  to  guinea- 
pigs  does  not  induce  any  of  the  characteristic  symptoms  of  lathyrism. 
Astier  obtained  an  alcoholic  extract  which,  after  repeated  injections, 
induced  in  dogs  complete  paraplegia,  from  which  the  animal  slowly 
recovered.  There  are  good  reasons  for  believing  that  whatever 
the  poisonous  substance  may  be,  it  is  destroyed  at  a high  tempera- 
ture. The  Arabs  of  northern  Africa  eat  vetch  prepared  in  two 
ways:  One  preparation,  known  as  “ Ivouskouson,”  is  steamed  or 
boiled,  while  the  other  dish,  known  as  “ Galette,”  is  cooked  at  a 
higher  temperature,  and  it  is  said  to  be  a well  authenticated  fact  that 
injurious  effects  more  frequently  follow  the  use  of  the  former  than  of 
the  latter.  In  man  the  first  symptom  of  lathyrism  usually  mani- 
fested is  a chill,  which  is  followed  by  pain  in  the  loins  and  legs.  A 
girdle  sensation  is  complained  of  by  some,  and  motor  lameness  of 
the  lower  extremities  is  common.  The  patient  walks  with  difficulty, 
and  later  finds  locomotion  wholly  impossible.  The  knee  reflex  is 
greatly  intensified,  and  a paresthesia  with  formication  may  be  marked. 
It  is  claimed  by  some  that  gangrene  of  the  feet  and  legs  may  occur, 
but  it  is  possible  that  cases  upon  which  this  statement  is  founded 
were  due  to  ergot  poisoning.  The  old  belief  that  recovery  never 
occurs  is  not  supported  by  more  recent  observation,  and  many  of  the 
milder  cases  are  greatly  improved  by  proper  medicinal  treatment. 

Maidismus. — Ordinarily  known  as  pellagra,  this  may  be  defined 
as  a progressive  disease  leading  to  paralytic  and  other  nervous  dis- 
orders, and  caused  by  intoxication  from  the  eating  of  damaged 
Indian  corn.  The  geographical  distribution  of  maidismus  is  con- 
fined to  that  portion  of  Europe  lying  between  the  parallels  of  42° 
and  48°  N.,  with  the  exception  of  Corfu,  one  of  the  Ionian  islands, 
but  within  the  above-mentioned  region  this  disease  is  by  no 
means  uniformly  or  universally  distributed.  It  prevails  in  some 
localities  to  such  an  extent  that  it  has  become  a national  calamity. 
In  1879,  one  hundred  thousand  cases  of  this  disease  were  reported 
in  Italy,  and  in  1881,  fifty-six  thousand  in  Lombardy  alone. 
Pellagra  is  confined  to  countries  where  the  staple  article  of  diet  is 
maize,  and  yet  Indian  corn  constitutes  a most  nutritious  and  health- 
ful article  of  food  in  other  countries,  as  has  been  abundantly  demon- 
strated by  the  former  well  nourished  condition  of  the  large  colored 
population  of  the  southern  United  States,  for  there  probably  never 
has  been  a class  of  day  laborers,  certainly  never  a class  of  servants, 
better  fed  and  nourished  than  were  the  negroes  of  the  South  before 
their  emancipation  ; and  corn  bread,  made  from  mature  corn  and 
properly  prepared,  is  both  healthy  and  nutritious.  Pellagra  is 
known  only  in  those^  countries  where,  on  account  of  an  uncongenial 
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climate,  or  from  barrenness  of  the  soil,  or  from  lack  of  proper 
cultivation,  maize  does  not  mature. 

While  there  can  no  longer  be  any  doubt  that  pellagra  is  an  intoxi- 
cation due  to  poison  formed  in  corn  meal  or  bread,  we  have,  as  yet, 
no  positive  information  concerning  either  the  ferment  which  causes 
these  harmful  changes  or  the  poisonous  substance  or  substances  that 
are  formed.  Some  think  that  the  disease  is  an  intestinal  mycosis, 
due  to  infection  with  a parasitic  mould,  which  is  introduced  into  the 
body  with  this  food.  Carboni  found  in  the  damaged  meal  used  by 
pellagrous  persons,  also  in  their  feces,  a bacterium  to  which  he  has 
given  the  name  bacillus  maidis,  and  to  which  he  ascribes  the  dis- 
ease. Majocchi  claims  to  have  found  this  germ  in  the  blood  of 
pellagrous  individuals,  and  according  to  Paltauf  and  Heider  the 
grains  of  corn  become  infected  during  the  wet  season  with  the 
bacillus  maidis  and  the  bacillus  mesentericus  fuscus,  and  these  de- 
compose the  moist  meal  producing  ptomains  which  constitute  the 
toxins.  Others  claim  that  the  so-called  bacillus  maidis  is  nothing 
more  than  the  widely  distributed  potato  bacillus,  that  it  is  incapable 
of  generating  toxins  under  any  conditions  and  that  it  is  by  no 
means  constantly  found  in  the  intestines  of  pellagrous  individuals. 
Lombroso  thinks  the  disease  is  an  intoxication  rather  than  an  infec- 
tion, and  believes  that  it  is  due  to  certain  chemical  poisons  formed 
by  bacterial  activity.  This  investigator  has  obtained  from  powdered 
corn  which  has  been  allowed  to  ferment  at  from  25°  to  30°  for 
twenty-four  to  thirty-six  hours,  an  alcoholic  extract  and  an  oily 
substance,  and  with  these  he  thinks  that  he  has  induced  the 
characteristic  symptoms  of  pellagra  in  man  and  animals.  The 
alcoholic  extract  of  this  corn  contains  a basic  substance  or  sub- 
stances to  which  Lombroso  has  applied  the  name  pellagrocein,  and 
according  to  his  theory  there  are  two  toxins,  the  combined  action  of 
which  gives  rise  to  the  complex  symptoms  of  pellagra,  similar  to 
the  action  of  sphacelinic  acid  and  cornutin  in  ergotism.  One  of 
these  poisons  he  thinks  has  a strychnin-like  effect,  while  the  other  is 
narcotic  in  its  action.  Neusser  believes  that  there  is  nothing 
directly  harmful  in  the  food  when  it  is  taken  into  the  body,  but 
that  poisons  are  formed  in  the  intestines  and  he  makes  the  disease  a 
specific  form  of  auto-intoxication.  It  is  claimed  that  sporadic  cases 
of  pellagra  may  be  due  to  the  use  of  whisky  made  from  damaged 
corn  ; if  this  be  true,  the  poisonous  substance  must  be  volatile. 

Clinicians  generally  state  that  pellagra  consists  of  three  stages, 
which  are  more  or  less  marked  and  distinct.  The  first  begins  with 
disturbances  of  the  digestive  organs,  the  tongue  is  heavily  coated, 
but  later  it  loses  its  epithelium,  there  is  loss  of  appetite  as  a rule, 
although  in  exceptional  cases  the  desire  for  food  may  be  inordinate. 
Usually  there  is  diarrhea,  but  obstinate  constipation  may  occur. 
Accompanying  these  digestive  disturbances  there  is  pain  in  the  head, 
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neck  and  back.  Dizziness,  muscular  weakness  and  unsteadiness  of 
gait  are  frequently  observed.  Mental  activity  becomes  slow,  and 
some  complain  of  a numbness  in  the  brain.  In  the  majority  of  in- 
stances, not  in  all,  there  is  a characteristic  erythema  which  is  most 
marked  on  the  unclothed  parts  of  the  body,  as  the  hands  and  face, 
though  it  may  be  much  more  widely  distributed.  It  is  to  this  affec- 
tion of  the  skin  that  the  disease  owes  its  common  name,  pellagra 
(from  pelle,  skin,  and  agra,  rough). 

The  appearance  of  certain  cerebro-spinal  symptoms  characterizes 
the  second  stage  of  the  disease.  Chilly  sensations  are  complained 
of  and  there  is  often  constant  ringing  in  the  ears.  The  muscular 
weakness  is  increased  ; tremors  and  convulsive  twitchings  become 
frequent,  and  cramps  and  light  spasms  occur.  The  tendon  reflex  is 
more  markedly  exaggerated,  sensibility  is  often  diminished  and  the 
patient  falls  into  a state  of  melancholia.  The  skin  becomes  pale  or 
there  is  capillary  injection  over  certain  areas  notably  of  the  face, 
and  in  some  instances  the  skin  becomes  hard  and  scaly. 

Marked  emaciation  is  one  of  the  characteristic  symptoms  of  the 
third  stage.  The  subcutaneous  fat  wholly  disappears,  locomotion 
becomes  impossible,  incontinence  of  urine  is  persistent  and  uncon- 
trollable diarrhoea  makes  the  bed-ridden  patient  an  object  of  pity. 
Fortunately,  after  this  stage  has  been  reached  the  individual  loses  all 
resistance  to  the  infectious  diseases,  and  tuberculosis  or  septicemia 
frequently  closes  the  history.  A considerable  number  of  pellagrous 
individuals  end  their  sufferings  by  suicide. 

The  most  characteristic  post-mortem  findings  may  be  stated  as 
follows  : The  body  is  greatly  emaciated,  the  intestinal  walls  are  thin 
on  account  of  the  wasting  away  of  the  muscular  coat,  ulceration  in 
the  intestines  is  frequently  found,  the  cells  of  the  liver  and  of  the 
skin  and  the  muscles  of  the  heart  are  deeply  pigmented.  Atrophy 
seems  to  be  most  marked  in  those  organs  connected  with  the  vagus 
nerve,  the  lungs,  heart,  kidneys,  spleen  and  intestines.  Although 
marked  alterations  from  the  normal  are  frequently  found  in  the 
brain  and  cord,  there  seems  to  be  no  constant  or  characteristic  lesion 
in  these  organs. 
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CHAPTER  XI. 

THE  EXAMINATION  OF  POISONOUS  FOODS. 


Outbreaks  of  bromatotoxismus  have  become  common  in  recent 
years  and  chemists  and  bacteriologists  are  frequently  asked  to 
examine  foods  which  are  suspected  of  having  caused  untoward 
results.  The  increase  in  the  number  of  cases  of  this  kind  is  partly 
real  and  partly  only  apparent.  One  cause  of  the  actual  increase  lies 
in  the  larger  consumption  of  preserved  foods.  Meats,  the  appear- 
ance and  odor  of  which  would  render  their  sale  in  the  piece  im- 
possible, or  at  least  doubtful,  may  be  chopped,  cooked,  canned,  and 
sold  as  a first-class  article.  We  do  not  state  that  this  fraud  is  com- 
monly practised,  but  that  it  is  a possible  one  cannot  be  denied,  and 
that  it  is  occasionally  resorted  to  has  been  demonstrated  both  in  this 
country  and  in  Europe.  This  source  of  danger  to  the  public  health 
will  not  be  removed  until  the  necessity  for  scientific  inspection  of 
foods,  especially  of  animals  before  slaughtering,  is  understood  and 
practised.  However,  the  greater  number  of  cases  of  poisoning  by 
prepared  foods  arises  from ‘imperfections  in  methods  or  from  want  of 
intelligent  and  conscientious  attention  to  details.  When  we  recog- 
nize the  fact  that  the  successful  preparation  of  every  portion  of  pre- 
served food  depends  upon  the  exclusion  of  microorganisms,  both 
specific  and  putrefactive,  and  when  we  learn  that  the  processes  are 
carried  out  for  the  most  part  by  those  who  are  ignorant  of  the  scien- 
tific principles  involved,  then  we  can  only  wonder  that  the  health 
of  the  consumer  is  not  more  frequently  placed  in  jeopardy. 

The  apparent  increase  in  the  number  of  instances  of  food  poisoning 
is  due  to  the  fact  that  the  medical  profession  has  only  recently 
learned  to  recognize  food  infection  as  a cause  of  illness  or  has  been 
in  possession  of  the  knowledge  necessary  to  convert  suspicion  into 
positive  demonstration.  Only  a few  years  ago  we  were  seeking  for 
the  cause  of  cholera  infantum  in  mysterious  and  indefinite  telluric  or 
meteorological  conditions,  but  now  we  know  that  this  disease  is 
solely  due  to  infected,  and  consequently  poisonous,  food.  Formerly, 
many  of  these  cases  were  believed  to  be  due  to  the  accidental  or 
criminal  addition  of  some  metallic  or  vegetable  poison  to  the  food, 
and  unjust  accusation,  possibly  in  some  instances,  unjust  execution, 
resulted.  We  have  also  learned  that  typhoid  and  typhus  fevers, 
scarlet  fever,  and  other  acute  exanthemata,  and  even  pneumonia, 
may  be  closely  simulated  by  the  symptoms  due  to  infected  foods. 

Unfortunately,  the  expression  “ ptomain  poisoning  ” has  come  into 
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quite  general  use  to  designate  illness  due  to  infected  food.  While  it 
is  true  that  basic  substances  of  bacterial  origin  constitute  in  some 
instances  the  actual  mcUerics  morbi , this  is  not  always,  or  even  gen- 
erally, the  case.  Among  the  poisonous  bacterial  products  there  are 
many  that  are  not  basic,  and  many  others  concerning  the  chemical 
nature  of  which  we  are  yet  very  much  in  ignorance.  In  a large 
proportion  of  the  instances  we  are  ignorant  not  only  of  the  chemistry 
of  the  poisons  which  induce  the  untoward  effects,  but  of  the  bacteria 
through  the  activity  of  which  these  poisons  are  generated.  More- 
over, we  cannot  in  cases  of  bromatotoxismus  draw  a sharp  line  of 
distinction  between  intoxication  and  infection.  Food  poisoning  may 
originate  in  either  of  the  following  ways  : (1)  The  food  is  infected 

and  the  poison  is  generated  only  and  wholly  before  the  food  is 
taken.  (2)  The  infecting  organism  may  begin  the  elaboration  of  its 
poisonous  products  outside  of  and  continue  the  same  process  inside 
the  body.  (3)  The  infection  may  not  result  in  the  production  of 
poisons  until  the  food  is  taken  into  the  body.  In  all  of  these  forms, 
infection  of  the  food  is  the  essential  element ; it  is  this  that  must  be 
prevented,  and  to  this  especial  attention  must  be  called. 

How  shall  we  proceed  in  the  examination  of  food  suspected  of 
having  caused  sickness  or  death  ? 

In  the  first  place,  the  possibility  of  the  ill  effects  having  been  due 
to  metallic  poisons  should  be  considered.  In  cases  in  which  this 
possibility  exists  such  poisons  should  be  sought  by  methods  given  by 
the  best  toxicologists,  and  of  which  it  is  not  the  purpose  of  this  book 
to  speak.  In  case  the  substance  to  be  examined  consists  of  canned 
food  the  tests  for  mineral  poisons  should  always  be  made.  How- 
ever, when  a teaspoonful  of  ice  cream  causes  nausea  and  vomiting, 
the  idea  that  these  effects  can  be  due  to  sulphate  of  zinc  dissolved  in 
the  freezer  is  too  preposterous  and  absurd  to  be  worthy  of  serious 
consideration  by  anyone  familiar  with  the  quantity  of  this  salt  neces- 
sary to  act  as  an  emetic. 

If  there  be  a sufficient  quantity  of  the  food  a portion  of  it  should 
be  fed  to  animals.  As  a rule,  the  best  animals  for  experiments  of 
this  kind  are  puppies  and  kittens.  It  should  be  remembered  that 
rabbits  and  guinea-pigs  cannot  vomit  and  we  have  learned  by  experi- 
ments that  guinea-pigs  fed  exclusively  upon  pure  milk  die  ; they  are 
not  able  to  digest  the  casein  which  forms  hard  balls  in  the  small  in- 
testines and  mushy  masses  in  the  large  intestines,  and  the  animals 
succumb  within  eight  or  ten  days,  apparently  from  intestinal  ob- 
struction. If  they  be  fed  upon  hay  or  other  vegetable  food  along 
with  the  milk,  they  are  apparently  able  to  digest  the  casein.  How- 
ever, under  no  circumstances  are  they  fit  animals  for  experimenta- 
tion, when  the  purpose  is  to  determine  whether  or  not  milk  or  any 
of  its  products  is  poisonous. 

A thorough  examination  of  foods  for  bacterial  poisons  cannot  be 
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made  except  in  a properly  equipped  laboratory.  It  is  our  purpose 
to  briefly  point  out  the  methods  that  may  be  followed,  and  in  doing 
so  we  take  it  for  granted  that  the  one  who  attempts  work  of  this 
kind  is  already  familiar  with  the  ordinary  technic  of  bacteriological 
research.  The  line  of  procedure  will  vary  somewhat  with  the  kind 
of  food  to  be  examined,  the  form  in  which  it  has  been  prepared,  and 
the  quantity  supplied  the  analyst.  All  samples  should  be  examined 
with  as  little  delay  as  possible  after  the  article  has  become  the  object 
of  suspicion.  When  delay  is  unavoidable,  farther  bacterial  growth 
should  be  retarded  in  the  meantime  as  far  as  possible ; not  by  anti- 
septics, but  by  low  temperature.  Microorganisms  not  present  at  the 
time  of  the  supposed  poisoning  may  be  accidentally  introduced,  or 
non-toxicogenic  bacteria  may  multiply  to  such  an  extent  that  the 
detection  of  the  harmful  organism  is  rendered  impossible. 

As  a rule,  the  quantity  of  the  food  supplied  the  analyst  is  not 
sufficient  to  allow  of  the  detection  or  the  isolation  of  the  chemical 
poison  directly.  To  try  to  find  the  toxin  in  a few  ounces  of  cheese 
or  a small  bit  of  meat  by  direct  extraction,  is  a task  that  would  be 
undertaken  only  by  one  quite  ignorant  of  the  nature  of  these  poisons. 
In  all  but  exceptional  instances,  where  many  pounds  of  food  are 
supplied,  the  portion  that  reaches  the  laboratory  can  only  be  re- 
garded as  the  bearer  of  the  germ  to  the  activity  of  which  the  poison 
is  due.  This  germ  must  be  detected,  isolated,  grown  in  pure  cul- 
tures, and  its  toxicogenic  properties  demonstrated  upon  the  lower 
animals.  It  should  be  clearly  understood  that  the  most  thorough 
study  of  the  morphological  characteristics  of  the  germ  and  of  the 
chemical  properties  of  the  poison  will  not  suffice  Avithout  an 
accompanying  determination  of  the  toxicological  action  of  the 
culture.  The  infectious  nature  of  the  bacterium  should  also  be 
studied. 

It  should  always  be  borne  in  mind  that  the  article  of  food  has 
probably  been  through  several  hands,  some  of  which  may  not  have 
been  germ-free.  In  the  examination  of  pieces  of  meat  and  cheese, 
the  surface  should  be  sterilized  Avith  a broad,  heated  knife  or  other 
piece  of  iron.  It  has  been  shoAvn  that  bacteria  deposited  on  such 
surfaces  penetrate  slowly.  Then  with  other  sterilized  knives,  sec- 
tions should  be  made,  and  one  or  more  small  bits  taken  from  the  in- 
terior should  be  placed  in  sterilized  bouillon,  milk  or  other  culture 
medium.  Not  less  than  a dozen  tubes  should  be  inoculated  in  this 
way.  Three  of  these  should  be  grown  aerobically  at  ordinary  tem- 
perature ; three  anaerobically  at  the  same  temperature  ; three  aero- 
bically at  37°  and  three  anaerobically  at  37°.  Some  of  the  toxico- 
genic germs  groAV  best  at  relatively  low  temperature  (20°  to  25°) 
and  fail  to  develop  at  37°.  Others  have  their  optimum  growth  at 
the  last  mentioned  temperature.  Some  develop  only  when  the  air  is 
excluded,  and  others  only  A\Then  freely  supplied  Avith  air. 
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In  the  examination  of  liquid  and  semi-liquid  foods,  such  as  milk, 
custard,  cream,  broths,  and  jellies,  small  bits  or  a few  drops  should 
be  placed  in  sterilized  media  and  grown  under  the  conditions  above 
mentioned. 

A growth  having  occurred  in  one  or  more  of  these  tubes,  the  bac- 
teria should  be  examined  in  hanging-drops  and  in  stained  mounts. 
If  more  than  one  organism  be  present,  plate  cultures  should  be  made 
and  each  germ  should  again  be  grown  under  the  conditions  men- 
tioned. 

The  infectious  character  of  each  organism  should  be  tested  on  the 
lower  animals  : (1)  By  feeding;  (2)  by  subcutaneous  inoculation  ; 

(3)  by  intra-peritoneal  inoculation,  and  (4)  by  intravenous  injection. 
The  animals  generally  employed  in  these  experiments  are  white  mice, 
white  rats,  guinea-pigs,  kittens,  puppies,  and  rabbits.  A given  germ 
may  be  toxicogenic  to  one  of  these  animals  and  not  to  the  others. 
The  quantity  of  the  bouillon  culture — twenty-four  hours  old  or  older 
— employed  should  be  relatively  large — from  one  to  ten  c.c.,  accord- 
ing to  the  animal  and  the  method  of  inoculation.  If  these  amounts 
prove  active,  smaller  quantities  should  be  tried  until  the  limit  is 
reached. 

Cultures  sterilized  both  by  filtration  and  by  heat  should  be  tested 
on  animals.  It  should  be  borne  in  mind  that  certain  toxins,  notably 
those  of  the  colon  bacilli,  are  removed  from  cultures  by  filtration 
through  porcelain,  while  they  are  not  altered  by  a degree  of  heat 
sufficient  to  kill  the  bacteria. 

If  by  the  above  mentioned  experiments  a toxicogenic  germ  has  been 
discovered,  its  morphological,  cultural,  tinctorial  and  pathogenic 
properties  may  be  studied  as  thoroughly  as  the  investigator  may  desire. 
The  study  of  the  bacterial  poison  may  also  be  carried  to  the  same 
extent.  The  examination  for  ptomains  and  toxins  can  be  carried  out 
according  to  the  methods  described  in  subsequent  chapters. 


CHAPTER  XII. 


METHODS  OF  EXTRACTING  PTOMAINS. 


From  what  has  been  given  in  the  preceding  pages,  one  may  form 
an  idea  of  the  difficulties  with  which  the  chemist  has  to  contend  in 
endeavoring  to  isolate  the  basic  products  of  bacterial  growth.  He 
has  to  deal  with  complex  substances,  the  nature  and  reactions  of 
many  of  which  he  does  not  know.  Moreover,  the  bodies  which  he 
seeks  to  isolate  are  often  prone  to  undergo  decomposition  and  in  this 
way  escape  detection.  Many  ptomains  are  volatile  or  decomposable 
at  temperatures  near  that  of  boiling  water,  and  in  such  cases  so- 
lutions cannot  be  evaporated  in  the  ordinary  way  and  the  poison 
remain  in  the  residue.  The  investigator  has  frequently  been  disap- 
pointed when  on  the  evaporation  of  a solution,  which  he  has  demon- 
strated to  be  poisonous,  he  finds  that  the  residue  is  wholly  inert. 
Again,  he  may  destroy  the  substance  which  he  attempts  to  isolate 
with  the  reagents  which  he  employs.  So  simple  a procedure  as  the 
removal  of  a metallic  base  from  a solution  containing  a ptomai'n,  by 
precipitation  with  hydrogen  sulphid,  has  been  known  to  wholly  de- 
stroy the  ptomain.  Probably  the  most  perplexing  difficulty  in  the 
isolation  of  these  putrefactive  alkaloids  lies  in  the  great  number, 
complexity,  and  diversity  of  the  other  substances  present  in  the  decom- 
posing matters.  The  same  ptomai'n  may  be  present  in  equal  quan- 
tities in  two  samples  of  milk,  and  yet  it  may  be  easily  obtained  from 
the  one,  while  from  the  other  only  minute  traces  can  be  secured. 
The  difference  is  due  to  the  fact  that  the  other  constituents  of  the 
milk  in  the  two  samples  are  at  different  stages  of  the  putrefactive 
process,  and,  consequently,  differ  in  their  reactions  and  in  their 
effects  upon  the  agents  employed  to  isolate  the  poison.  All  chem- 
ists appreciate  this  difficulty. 

The  first  thing  for  the  chemist,  who  undertakes  this  work,  to  do  is 
to  ascertain  whether  or  not  his  reagents  are  pure.  We  have  found 
samples  of  German  ether,  imported  on  account  of  its  supposed 
purity,  to  yield  on  spontaneous  evaporation  a residue  which  gave 
some  of  the  alkaloidal  reactions,  and  a few  drops  of  which,  injected 
under  the  skin  of  a frog,  caused  paralysis  and  death  within  a few 
minutes.  We  advise  that  500  c.c.  of  the  ether  to  be  used  be 
allowed  to  evaporate  spontaneously,  and  its  residue,  if  there  be 
one,  be  examined  both  chemically  and  physiologically.  The 
basic  substance  which  exists  in  some  samples  of  sulphuric  ether  is 
pyridin. 
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Guareschi  and  Mosso  found  connnercial  alcohol  almost  invariably 
to  contain  small  quantities  of  an  alkaloidal  substance,  the  odor  of 
which  is  similar  to  that  of  nicotin  and  pyridin.  Its  solutions  are 
precipitated  by  the  general  alkaloidal  reagents,  with  the  exception 
of  platinum  chlorid  and  tannic  acid.  It  does  not  reduce,  or  reduces 
feebly,  ferric  salts.  From  one  sample  of  alcohol  they  obtained  a 
base  which,  on  addition  to  the  above  reagents,  did  give  a precipitate 
with  platinum  chlorid.  Alcohol  may  be  freed  from  these  substances 
by  distillation  over  tartaric  acid. 

In  amylic  alcohol,  Haitinger  found  almost  0.5  percent,  of  pyridin. 
This  reagent  may  be  purified  in  the  manner  recommended  for 
etnylic  alcohol. 

Chloroform,  when  found  to  leave  a residue  on  evaporation,  should 
be  washed  first  with  distilled  water,  then  with  distilled  water  ren- 
dered alkaline  with  potassium  carbonate,  then  dried  over  calcium 
chlorid  and  distilled. 

Petroleum  ether  sometimes  contains  a base  which  has  an  odor 
similar  to  trimethylamin  or  pyridin,  and  which  gives  a precipitate 
with  platinum  chlorid,  forming  in  octahedra  ; benzol  may  contain  a 
similar  substance. 

The  following  methods  have  been  used  for  the  purpose  of  extract- 
ing putrefactive  alkaloids  : 

The  Stas-Otto  Method. — This  method  depends  upon  the  follow- 
ing facts  : (1)  The  salts  of  the  alkaloids  are  soluble  in  water  and 
alcohol,  and  generally  insoluble  in  ether,  and  (2)  the  free  alkaloids 
are  soluble  in  ether,  and  are  removed  from  alkaline  fluids  by  agita- 
tion with  ether.  These  principles  are  capable  of  great  variations  in 
their  application.  The  usual  directions  are  as  follows  : Treat  the 
mass  under  examination  with  about  twice  its  weight  of  90  per  cent, 
alcohol,  and  from  ten  to  thirty  grains  of  tartaric  or  oxalic  acid  ; digest 
the  whole  for  some  time  at  about  70°,  and  filter.  Evaporate  the 
filtrate  at  a temperature  not  exceeding  35°  either  in  a strong  current 
of  air  or  in  vacuo  over  sulphuric  acid.  Take  up  the  residue  with 
absolute  alcohol,  filter,  and  again  evaporate  at  a low  temperature. 
Dissolve  this  residue  in  water,  render  alkaline  with  sodium  carbon- 
ate, and  agitate  with  ether.  After  separation  remove  the  ether  with 
a pipette,  or  by  means  of  a separator,  and  allow  it  to  evaporate  spon- 
taneously. The  residue  may  be  further  purified  by  redissolving  in 
water,  and  again  extracting  with  ether. 

The  following  modifications  of  this  method  are  employed  : 

Instead  of  tartaric  or  oxalic  acid,  acetic  acid  may  be  used. 

When  the  fluid  suspected  of  containing  a ptomam  is  already  acid 
from  the  development  of  lactic  or  other  organic  acid,  the  addition  of 
an  acid  may  be  dispensed  with. 

Ether  extracts  are  made  from  both  acid  and  alkaline  solutions. 
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Chloroform,  amylic  alcohol,  and  benzene  are  used  as  solvents  after 
extraction  with  ether. 

DragendorfTs  Method. — The  finely  divided  substance  is  digested 
for  some  hours  with  water  acidulated  with  sulphuric  acid,  at  from 
40°  to  50°.  This  is  repeated  two  or  three  times,  and  the  united 
filtered  extracts  are  evaporated  to  a syrup,  which  is  treated  with 
four  volumes  of  alcohol  and  digested  for  twenty-four  hours  at  30°. 
After  cooling,  the  alcoholic  extract  is  filtered,  the  residue  washed 
with  70  per  cent,  alcohol,  and  the  united  filtrates  freed  from  alcohol 
by  distillation.  The  aqueous  residue,  diluted  if  desirable,  is  filtered 
and  submitted  to  the  following  extractions  : 

1.  The  acid  liquid  is  shaken  with  freshly  rectified  petroleum  ether, 
as  long  as  this  reagent  leaves  a residue  on  evaporation. 

2.  The  acid  fluid  is  now  extracted  with  benzene. 

3.  The  next  solvent  used  is  chloroform. 

4.  The  liquid  is  now  again  extracted  with  petroleum  ether  in  order 
to  remove  traces  of  benzene  and  chloroform. 

5.  The  liquid  is  next  made  alkaline  with  ammonia  and  succes- 
sively extracted  with  petroleum  ether,  benzene,  chloroform,  and  amy- 
lic alcohol. 

6.  The  remainder  of  the  ammoniacal  liquid  is  mixed  with  pow- 
dered glass,  evaporated  to  dryness,  the  residue  pulverized,  and  ex- 
tracted with  chloroform. 

The  residue  obtained  with  each  of  the  above  solvents  should  be 
examined  for  ptomains. 

Brieger’s  Method. — The  substance  under  examination  is  divided 
as  finely  as  possible,  and  then  heated  with  water  slightly  acidified 
with  hydrochloric  acid.  During  the  heating  care  must  be  taken  that 

the  feebly  acid  reaction  is  maintained,  and  the 
heat  should  continue  for  only  a few  minutes. 
The  liquid  is  then  filtered  and  concentrated,  at 
first  on  a plate  and  then  on  the  water-bath,  to 
a syrup.  If  one  has  highly  odorous  material,  a 
piece  of  apparatus  devised  by  Bocklisch  is  of 
service.  The  fluid  to  be  evaporated  is  placed  in 
a globular  flask,  the  rubber  stopper  of  which 
carries  two  small  glass  tubes,  one  of  which,  B, 
extends  to  the  bottom  of  the  flask,  while  A is 
connected  with  a water-pump  or  aspirator,  which 
draws  the  vapor  through  the  tube.  In  order  to 
prevent  the  return  of  condensed  fluids,  the  end 
of  A in  the  flask  is  curved  on  itself.  The  tube  B 
is  finely  drawn  out  and  through  it  a current 
of  air  is  constantly  moving  and  prevents  the 
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formation  of  a deposit  or  a pellicle  in  the  fluid.  By  regulating 
the  amount  of  air  entering  through  this  tube,  more  or  less  of 
a vacuum  will  be  formed  in  the  flask.  After  evaporation  to  a syrup, 
an  extraction  is  made  with  96  per  cent,  alcohol  and  the  filtered  ex- 
tract is  treated  with  a warm  alcoholic  solution  of  lead  acetate.  The 
lead  precipitate  is  removed  by  filtration,  the  filtrate  evaporated  to  a 
syrup  and  again  extracted  with  96  per  cent,  alcohol.  The  alcohol 
is  driven  off;  the  residue  taken  up  with  water;  traces  of  lead  re- 
moved with  hydrogen  sulphid  ; and  the  filtrate,  acidified  with  hy- 
drochloric acid,  evaporated  to  a syrup,  which  is  extracted  with  alco- 
hol, and  the  filtrate  precipitated  with  an  alcoholic  solution  of  mer- 
curic chlorid.  The  mercury  precipitate  is  boiled  with  water,  and  on 
account  of  the  differences  in  solubility  of  the  double  compounds  with 
mercury,  one  ptomain  may  be  separated  from  others  at  this  stage  of 
the  process.  (If  thought  best,  the  lead  precipitate  may  be  freed 
from  lead  and  carried  through  the  subsequent  steps  of  the  process. 
Brieger  found  small  quantities  of  ptomains  in  the  lead  precipitate 
only  in  his  work  with  poisonous  mussels.) 

The  mercury  filtrate  is  freed  from  mercury,  evaporated,  and  the 
excess  of  hydrochloric  acid  carefully  neutralized  with  soda  (the  re- 
action is  kept  feebly  acid)  ; then  it  is  again  taken  up  with  alcohol  in 
order  to  free  it  from  inorganic  salts.  The  alcohol  is  evaporated, 
the  residue  taken  up  with  water,  the  remaining  traces  of  hydrochloric 
acid  neutralized  with  soda,  the  whole  acidified  with  nitric  acid,  and 
treated  with  phosphomolybdic  acid.  The  phosphomolybdate  double 
compound  is  separated  by  filtration  and  decomposed  with  neutral 
acetate  of  lead.  This  is  hastened  by  heating  on  the  water-bath. 
The  lead  is  removed  by  hydrogen  sulphid,  the  filtrate  is  evaporated 
to  a syrup  and  taken  up  with  alcohol,  from  which  many  ptomains 
are  deposited  as  chlorids,  or  double  salts  may  be  formed  in  the 
alcoholic  solution.  The  chlorids  as  deposited  from  the  alcoholic  solu- 
tion are  seldom  pure  and  may  be  isolated  by  precipitation  with  gold 
chlorid,  platinum  chlorid,  or  picric  acid,  and  on  account  of  the  dif- 
ference in  solubility  of  these  double  salts,  the  process  of  purification 
is  rendered  more  easy.  The  chlorid  of  the  base  is  obtained  by  re- 
moving the  metal  with  hydrogen  sulphid,  while  the  picrate  is  taken 
up  with  water,  acidified  with  hydrochloric  acid,  and  repeatedly  ex- 
tracted with  ether,  in  order  to  remove  the  picric  acid. 

The  Methods  of  Gautier  and  Etard. — The  putrid  matters, 
liquid  and  solid,  are  distilled  at  a low  temperature  in  vacuo.  The 
distillate  (A)  may  contain  ammonium  carbonate,  phenol,  skatol, 
trimethylamin,  and  the  volatile  fatty  acids.  The  residue  after  fil- 
tration is  treated  successively  by  ether  and  alcohol. 

The  extraction  with  ether  ( B ) separates  the  ptomain  and  some 
fatty  acids.  The  alcoholic  extract  (C)  removes  the  remainder  of  the 
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fatty  acids,  as  well  as  the  acid  and  neutral  nitrogenous  bodies,  al- 
most all  of  which  are  crystallizable.  The  insoluble  residue  is  boiled 
with  dilute  hydrochloric  acid,  with  exclusion  of  air,  finally  evapor- 
ated to  dryness,  and  the  residue  again  extracted  with  alcohol.  This 
nearly  alkaline  solution  (D)  can  be  divided  by  acetate  and  subace- 
tate of  lead  into  two  portions. 

Gautier  has  also  employed  the  following  method  : The  putrid 
liquids,  after  the  removal  of  fats,  are  feebly  acidified  with  dilute 
sulphuric  acid,  then  distilled  in  vacuo  at  a low  temperature.  The 
distillate  contains  ammonia,  phenol,  indol,  and  skatol.  The  syrupy 
residue,  separated  from  any  crystals  which  may  have  formed,  is 
rendered  alkaline  with  baryta,  filtered,  and  extracted  a number  of 
times  with  chloroform,  in  order  to  dissolve  the  bases.  The  solution 
is  distilled  at  a low  temperature,  either  in  vacuo  or  in  a current  of 
carbonic  acid.  The  contents  of  the  retort,  on  being  treated  with 
water  and  tartaric  acid,  separate  into  a brown  resin  and  a liquid 
portion.  The  latter  is  removed  and  treated  with  a dilute  solution 
of  potash,  when  it  gives  off  the  odor  of  carbylamin,  which  was  dis- 
covered by  Gautier  in  1866,  and  which  according  to  Calmel,  is  a 
constituent  of  the  venom  of  toads.  The  alkali  also  sets  free  the 
bases,  which  are  removed  by  extraction  with  ether,  and  the  ether 
evaporated  in  a current  of  carbonic  acid  under  slight  pressure,  then 
under  a bell-jar  over  caustic  potash.  The  bases  may  be  separated 
by  fractional  precipitation  with  platinum  chlorid,  or,  if  present  in 
sufficient  quantity,  by  distillation  in  vacuo. 

In  some  instances,  Gautier  modified  his  method  as  follows  : The 
alkaline  putrid  liquid  is  treated  with  oxalic  acid  to  free  acidulation, 
and  as  long  as  the  fatty  acids  continue  to  separate.  The  liquid  is 
then  warmed  and  distilled  until  the  distillate  ceases  to  be  turbid. 
Pyrrol,  skatol,  phenol,  indol,  volatile  fatty  acids,  and  some  of  the 
ammonia  pass  over.  The  portion  remaining  in  the  retort  is  rendered 
alkaline  with  lime  water  and  the  precipitate  which  forms  and  con- 
tains the  greater  part  of  the  fixed  acids  is  removed.  The  liquid 
portion,  which  is  alkaline,  is  distilled  to  dryness,  care  being  taken 
to  receive  the  distillate  in  dilute  sulphuric  acid.  The  bases  and 
ammonia  pass  over.  The  distillate  is  neutralized  with  sulphuric  acid 
and  evaporated  almost  to  dryness,  then  decanted  from  the  ammonium 
sulphate  which  crystallizes.  The  mother  liquor  is  extracted  with 
concentrated  alcohol,  which  dissolves  the  sulphates  of  the  ptomains. 
After  driving  off  the  alcohol  the  residue  is  rendered  alkaline  with 
caustic  soda,  and  successively  extracted  with  ether,  petroleum  ether, 
and  chloroform.  The  lime  precipitate  is  dried  and  extracted  with 
ether  which  removes  any  fixed  bases  that  may  be  present. 

Remarks  Upon  the  Methods. — Guareschi  and  Mosso  condemn 
the  method  of  Dragendorff,  inasmuch  as  they  have  found  that  basic 
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bodies  are  formed  by  the  action  of  dilute  sulphuric  acid  upon  unde- 
composed albuminous  substances,  and  they  recommend  the  employ- 
ment of  the  Stas-Otto  method  with  these  conditions  : (1)  No  more 
acid  should  be  added  than  is  absolutely  necessary  to  keep  the  reac- 
tion acid ; (2)  the  heat  used  in  evaporation  should  not  be  great,  and 
it  is  better  that  evaporation  should  be  made  in  vacuo.  In  this  way, 
they  say,  no  basic  substance  will  be  obtained  from  fresh  tissue. 

Marino-Zuco  ascertained  that  by  treating  fresh  eggs,  brain,  liver, 
spleen,  kidney,  lungs,  heart  and  blood  by  either  the  Stas-Otto  or  the 
Dragendorff  method,  he  could  obtain  a substance  which  gave  alka- 
loidal  reactions,  and  which  he  demonstrated  to  be  cholin.  His  ex- 
periments led  him  to  believe  that  cholin  does  not  exist  preformed  in 
these  fresh  tissues,  but  that  it  results  from  the  action  of  the  dilute 
acids  upon  lecithin.  Cholin  was  found  most  abundantly  in  those 
tissues  which  are  rich  in  lecithin,  such  as  the  yolks  of  eggs,  brain, 
liver  and  blood  ; while  only  traces  could  be  obtained  from  the  whites 
of  eggs,  lungs  and  the  heart.  The  method  of  Dragendorff  was  found 
to  furnish  much  larger  quantities  of  cholin  than  could  be  obtained  by 
the  Stas-Otto  process.  Coppola  agrees  with  his  countrymen  in  con- 
demning the  method  of  Dragendorff  as  a means  of  extracting  pto- 
mains.  However,  the  Stas-Otto  method  is  by  no  means  perfect,  and 
the  principal  difficulties  met  with  in  its  application  are  as  follows  : 
(1)  In  most  instances  the  extraction  of  the  base  is  incomplete;  (2) 
the  degree  to  which  the  putrefactive  alkaloid  is  removed  by  the  sol- 
vent depends  largely  upon  the  nature  of  the  other  substances  pres- 
ent. This  fact  in  some  cases  aids  and  in  others  hinders  the  labors 
of  the  investigator ; thus,  several  ptomains,  which  when  pure  are 
wholly  insoluble  in  ether,  may  be  removed  in  part,  at  least,  from  or- 
ganic mixtures  by  this  solvent  by  passing  into  the  solution  along 
with  other  substances ; but  if  the  attempt  be  made  to  purify  one  of 
these  bases  by  repeated  solution  and  extraction  with  ether,  the  re- 
sult is  failure,  because  the  more  completely  the  alkaloid  is  freed  from 
impurities,  the  less  soluble  in  ether  it  becomes.  This  criticism  is 
equally  applicable  to  the  Dragendorff  method,  and  to  all  others  in  so 
far  as  extractions  are  made.  However,  we  may  state  that  the  Stas- 
Otto  method  is  in  suitable  cases  the  best  that  can  be  employed.  By  it 
the  substances  are  submitted  to  the  least  chemical  manipulation,  and 
the  results  obtained  are  the  most  reliable.  Many  of  the  more  com- 
plex putrefactive  products  are  so  easily  decomposed  or  otherwise  al- 
tered that  the  investigator  should  seek  to  isolate  them  by  the  sim- 
plest methods  possible.  If  it  can  be  done  without  the  addition  of  any 
acid  or  without  the  application  of  heat,  so  much  the  better. 

By  his  method,  Brieger  discovered  a number  of  basic  bodies,  and 
gave  great  impetus  to  the  study  of  the  chemistry  of  putrefaction  ; 
but  it  is  open  to  the  objection  that  basic  substances  may  be  formed 
by  the  action  of  the  reagents  used,  and  Gram  states  that  when  the 
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lactate  of  cholin,  an  inert  substance  which  is  widely  distributed  both 
in  plants  and  animals,  is  heated,  it  is  converted  into  a poison  which 
has  a muscarin-like  action.  However,  Brieger  obtained  some  of 
his  bases  by  a much  simplified  modification  of  his  complete  method  ; 
for  instance,  in  obtaining  neuridin,  he  treated  the  aqueous  extract  of 
the  putrid  material,  after  boiling  and  filtration,  with  mercuric  chlorid, 
collected  the  precipitate,  decomposed  it  with  hydrogen  sulphid,  evap- 
orated the  filtrate  on  the  water-bath,  and  extracted  the  base  from  the 
residue  with  dilute  alcohol.  Brieger’s  method  is  only  a modification 
of  that  employed  by  Bergmann  and  Schmiedeberg  as  long  ago  as 
1868  in  the  preparation  of  sepsin  from  putrid  yeast. 


CHAPTER  XIII. 


THE  IMPORTANCE  OF  BACTERIAL  PRODUCTS  TO  THE 

TOXICOLOGIST. 

The  presence  in  the  cadaver  of  substances  which  give  not  only 
the  general  alkaloidal  reactions,  but  respond  to  some  of  the  tests 
which  have  hitherto  been  considered  characteristic  of  individual 
vegetable  alkaloids,  is  of  importance  to  the  toxicologist.  The  possi- 
bility of  mistaking  putrefactive  for  vegetable  alkaloids  should  always 
be  borne  in  mind  by  the  chemist  in  making  any  medico-legal  inves- 
tigations. On  the  other  hand,  cases  of  poisoning  with  bacterial  prod- 
ucts sometimes  terminate  fatally,  and  in  such  instances  the  chemist 
should  not  be  satisfied  with  determining  the  absence  of  mineral  and 
vegetable  poison,  but  should  strive  to  detect  in  the  food  or  in  the 
dead  body  positive  evidence  of  the  presence  of  the  putrefactive 
poison. 

We  herewith  append  a brief  account  of  some  of  the  cases  in  which 
putrefactive  substances  have  been  found  to  resemble  in  their  reactions 
the  vegetable  alkaloids. 

Coniin-like  Substances. — In  the  Brandes-Krebs  trial,  which 
took  place  in  Braunschweig  in  1874,  two  chemists  obtained  from 
the  undecomposed  parts  of  the  body,  in  addition  to  arsenic,  an  alka- 
loid which  they  pronounced  conii'n.  This  substance  was  referred  to 
Otto  for  further  examination  and  he  reported  that  it  was  neither 
conii'n  nor  nicotin,  nor  any  vegetable  alkaloid  with  which  he  was 
acquainted.  He  converted  the  substance  into  an  oxalate,  dissolved 
it  in  alcohol,  evaporated  the  alcohol,  dissolved  the  residue  in  water, 
rendered  this  solution  alkaline  with  potash,  then  extracted  the  bases 
with  petroleum  ether.  On  evaporation  of  this  extract  the  alkaloid 
appeared  as  a bright  yellow  oil,  which  had  a strong  unpleasant  odor, 
quite  different,  however,  from  that  of  conii'n.  It  was  strongly  alka- 
line, had  an  intensely  bitter  taste,  and  was  volatile  at  ordinary  tem- 
perature. From  its  aqueous  solution  it  was  precipitated  by  the 
chlorides  of  gold,  platinum  and  mercury.  In  these  reactions  it  re- 
sembled nicotin  from  which  it  differed  in  the  double  refractive  and 
crystalline  character  of  its  hydrochlorid.  With  an  ethereal  solution 
of  iodin  this  substance  did  not  give  the  Roussin  test  for  nicotin,  but 
instead  of  the  long  ruby-red  crystals  there  appeared  small,  dark  green, 
needle-shaped  ones. 
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This  substance  was  found  to  be  highly  poisonous,  inasmuch  as  7 
eg.  injected  subcutaneously  into  a large  frog  produced  instantaneous 
death,  and  44  mg.  given  to  a pigeon  caused  a similar  result.  On 
account  of  its  poisonous  properties  the  jury  of  medical  experts  de- 
cided that  the  substance  was  a vegetable  alkaloid,  notwithstanding 
the  fact  that  Otto’s  experiments  demonstrated  that  this  could  not  be 
true. 

Brouardel  and  Boutmy  found  in  the  body  of  a woman  who  had 
died,  after  sutfering  with  ten  other  persons,  from  choleraic  symp- 
toms after  eating  of  a stuffed  goose,  a base  which  gave  the  odor  of 
coniin  and  the  same  reactions  with  gold  chlorid  and  iodin  in  potassium 
iodid,  etc.,  as  coniin.  The  same  base  was  found  in  the  remainder 
of  the  goose.  It  did  not  give  a red  coloration  with  the  vapor  of 
hydrochloric  acid,  and  it  did  not  form  butyric  acid  on  oxidation, 
and,  although  it  was  poisonous,  it  did  not  induce  in  frogs  the 
symptoms  of  coniin  poisoning. 

Selmi  repeatedly  found  coniin-like  substances  in  decomposing 
animal  tissue.  By  distilling  an  alcoholic  extract  from  a cadaver, 
acidifying  the  distillate  with  hydrochloric  acid,  evaporating,  treating 
the  residue  with  barium  hydrate  and  ether,  and  allowing  the  ether  to 
evaporate  spontaneously,  he  obtained  a residue  of  volatile  bases,  the 
greater  portion  of  which  consisted  of  trimethylamin.  After  remov- 
ing the  trimethylamin  the  residue  had  the  odor  of  mouse  urine. 
Later,  Selmi  obtained  an  unmistakable  coniin  odor  from  a chloro- 
form extract  of  the  viscera  of  a person  who  had  been  buried  six 
months,  and  in  another  case  ten  months  after  burial.  Two  or  three 
drops  of  an  aqueous  solution  of  the  alkaline  residue  of  the  chloro- 
form extract,  allowed  to  evaporate  on  a glass  plate,  gave  off  such 
a penetrating  odor  that  Selmi  was  compelled  to  withdraw  from  close 
proximity  to  the  substance,  and  the  odor  imparted  to  his  hands 
in  testing  with  the  general  alkaloidal  reagents  remained  for  half  an 
hour. 

An  aqueous  solution  of  a ptomain  obtained  by  Selmi  by  extraction 
with  ether,  according  to  the  Stas-Otto  method,  from  the  unde- 
composed parts  of  a cadaver,  had  no  marked  odor,  but  after  being 
kept  for  a long  time  in  a sealed  tube  it  not  only  gave  off  a coniin 
odor,  but  the  vapor  turned  red  litmus  paper  blue.  Again,  the  sul- 
phate of  a ptomain  obtained  from  putrid  egg-albumin,  on  standing, 
formed  in  two  layers,  one  of  which  was  a golden-yellow  liquid,  which 
on  treatment  with  barium  hydrate  gave  off  ammonia  and  later  the  odor 
of  coniin.  Since  butyric  and  acetic  acids  were  formed  by  the  oxida- 
tion of  this  base,  Selmi  concluded  that  it  was  real  coniin  or  methyl- 
coniin,  and  that  it  was  formed  by  the  oxidation  of  certain  fixed 
ptomains,  or  by  the  action  of  different  amido  bases  on  volatile  fatty 
acids.  The  substance,  which  was  found  by  Sonnenschein  in  a 
criminal  trial  in  East  Prussia  and  which  was  believed  by  that 
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chemist  to  be  the  alkaloid  of  the  water  hemlock  (Cicuta  virosa),  is 
thought  by  Otto,  Husemann,  and  others,  to  be  a cadaveric  conii'n. 
Otto  says  that  the  symptoms  reported  in  the  case  were  not  those  of 
either  conii'n  or  cicuta.  Sonnenschein  obtained  the  base  six  weeks 
after  the  exhumation  of  the  body,  which  had  been  buried  three 
months.  The  base  had  the  odor  of  conii'n,  the  taste  of  tobacco,  gave 
with  potassium  bichromate  and  sulphuric  acid  the  odor  of  butyric 
acid,  and  behaved  with  the  reagents  like  conii'n. 

Husemann  states  that  it  is  very  difficult,  if  not  impossible,  for  the 
chemist  to  affirm  with  certainty  that  he  has  detected  true  conii'n  in 
the  body.  The  symptoms  and  the  post-mortem  appearances  must 
conform  with  those  induced  by  the  vegetable  alkaloid.  The  analysis 
must  be  made  before  decomposition  sets  in,  and  the  amount  of  the 
base  found  must  be  sufficient  for  physiological  experimentation. 

A Nicotin-like  Substance. — Wolckenhaar  obtained  from  the 
decomposed  intestines  of  a woman,  who  had  been  dead  six  weeks,  by 
extraction  with  ether  from  an  alkaline  solution,  a base  bearing  a 
close  resemblance  to  nicotin.  This  base  was  fluid,  at  first  yellow, 
but  becoming  brownish-yellow  on  exposure  to  the  air.  It  was 
strongly  alkaline  and  gave  off*  an  odor  resembling  that  of  nicotin, 
but  stronger,  more  ethereal,  benumbing,  and  similar  to  that  of  fresh 
poppy  heads.  It  was  soluble  in  all  proportions  of  water,  and  the  solu- 
tions, which  did  not  become  cloudy  on  the  application  of  heat,  did 
not  taste  bitter,  but  were  slightly  pungent.  The  peculiar  odor  did 
not  disappear  on  saturating  the  base  with  oxalic  acid.  The  hydro- 
chlorid  was  yellow  like  varnish,  had  a strong  odor  and  became  moist 
on  exposure  to  the  air.  Under  the  microscope  it  showed  no  crystals, 
thus  differing  from  nicotin  hydrochlorid.  It  also  differed  from 
nicotin  in  its  reactions  with  potassio-bismuthic  iodid,  gold  chlorid, 
iodin  solution,  mercuric  chlorid,  and  platinum  chlorid,  and  it  did 
not  give  the  Roussin  test.  Furthermore,  it  could  not  be  identified 
with  trimethylamin,  spartein,  mercurialin,  lobelin,  or  other  fluid  and 
volatile  bases. 

Strychnin-like  Substances. — In  a criminal  prosecution  at  Verona, 
Ciotta  obtained  from  the  exhumed,  blit  only  slightly  decomposed, 
body,  an  alkaloid  which  gave  a crystalline  precipitate  with  iodin  in 
hydriodic  acid,  a red  coloration  with  hydriodic  acid,  and  a color  test 
similar  to  that  of  strychnin  with  sulphuric  acid  and  potassium  bi- 
chromate. This  substance  was  strongly  poisonous,  but  did  not  pro- 
duce the  tetanic  convulsions  characteristic  of  strychnin.  Ciotta  pro- 
nounced this  substance  as  probably  identical  with  strychnin,  but 
Selmi,  to  whom  portions  of  the  body  were  subsequently  submitted, 
found  that  the  substance  giving  the  color  reaction  was  not  crystalline, 
and  that  there  was  only  the  presumption  of  a bitter  taste  to  it,  while 
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one  part  of  strychnin  in  forty  thousand  parts  of  water  is  intensely 
bitter.  Selmi  also  held  that  many  ptomains  give  reactions  similar  to 
strychnin  with  iodin  in  hydriodic  acid  and  with  hydriodic  acid  alone. 
He  also  held  that  the  physiological  properties  of  this  substance  were 
such  that  it  could  not  be  strychnin.  It  could  hardly  have  been  as- 
pidospermin,  which  reacts  with  sulphuric  acid  and  potassium  bichro- 
mate similarly  to  strychnin,  because  quebracho  bark, in  which  this  alka- 
loid is  found  was  not  at  that  time  used  as  a medicine  or  known  in  Italy. 

Ptomains  giving  reactions  similar  to  those  of  strychnin,  aud  also 
causing  tetanic  spasms,  have  been  found  in  decomposed  corn-meal, 
and  Selmi  obtained  one  of  these  substances  which  differed  from 
strychnin  inasmuch  as  it  could  not  be  extracted  with  ether. 

Lombroso  named  the  poisonous  substance  found  in  decomposed 
corn-meal  “ pellagrocein,”  but  this  is  a mixture  of  ptomains,  some  of 
which  produce  narcosis  and  paralysis,  and  others  induce  the  symp- 
toms of  nicotin  poisoning  instead  of  the  spasms  caused  by  strychnin. 

Morphin-like  Substances. — In  the  Sonzogna  trial  at  Cremona, 
Italy,  the  experts  seem  to  have  confounded  a ptomain  with  morphin. 
This  substance  was  removed  from  either  alkaline  or  acid  solutions 
with  ether,  but  could  be  extracted  with  amylic  alcohol.  It  reduced 
iodic  acid,  but  in  its  other  reactions,  also  in  its  physiological  proper- 
ties, it  bore  no  resemblance  to  morphin.  In  frogs  it  arrested  the 
heart  in  systole,  which  is  said  never  to  happen  in  poisoning  with 
morphin.  It  failed  to  give  both  the  ferric  chlorid  and  the  Pellagri 
test  for  morphin. 

In  the  same  body  there  was  found  a substance  which  was  ex- 
tracted from  alkaline  solutions  with  ether,  and  which  gave,  with 
hydrochloric  acid  and  a few  drops  of  sulphuric  acid,  on  the  applica- 
tion of  heat,  a reddish  residue  similar  to  that  obtained  by  the  same 
reagents  with  codein,  but  in  its  other  reactions  it  did  not  resemble 
this  alkaloid. 

Many  of  the  tests  for  morphin  employed  by  toxicologists  are  fal- 
lacious. In  the  examination  of  a stomach  and  part  of  a liver,  sent 
from  Lincoln,  Neb.,  Vaughan,  following  the  method  of  Dragendorff, 
obtained  in  the  amylic  alcohol  extract  from  alkaline  solution  a resi- 
due that  gave  with  more  or  less  distinctness  all  the  principal  color 
tests  for  morphin  ; but  failing  to  obtain  crystals  that  could  be  identi- 
fied as  those  of  this  alkaloid,  the  absence  of  morphin  was  reported. 
Haines,  working  with  the  same  material,  obtained  similar  reactions ; 
he  also  was  unable  to  secure  the  crystals  and  made  a negative  report. 
Afterward,  it  was  quite  positively  shown  that  death  had  been  caused 
in  this  case  by  a blow  on  the  back  of  the  head  and  that  no  morphin 
or  other  drug  had  been  administered. 

In  the  Buchanan  case  in  New  York,  the  symptoms  as  sworn  to  by 
the  attending  physician  clearly  were  not  those  of  morphin,  and  all 
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the  tests  obtained  by  the  experts  were  duplicated  with  putrefactive 
products.  Many  skillful  chemists  have  carried  companion  portions 
of  decomposed  tissue,  one  portion  with,  and  the  other  without  mor- 
phin,  through  the  process  of  extraction  recommended  by  Dragendorff, 
and  have  obtained  satisfactory  results,  finding  that  the  proper  residue 
responds  to  the  color  test  in  the  one  instance  and  fails  to  do  so  in 
the  other.  Tissues  have  been  thus  tested  in  apparently  every  stage 
of  putrefaction,  and  the  results  have  been  satisfactory  and  confirma- 
tory of  the  methods  generally  employed.  There  is  one  point,  how- 
ever, which  has  been  constantly  overlooked.  The  putrefaction  to 
which  the  tissues  in  these  experiments  are  subjected  has  been  aero- 
bic, while  that  occurring  in  the  dead  body  is  anaerobic  ; consequently, 
the  putrefactive  products  are  not  the  same  in  the  two  cases.  In  all 
experimental  studies  of  the  value  of  the  tests  for  morphin  in  decom- 
posing tissue,  putrefaction  must  be  allowed  to  proceed  in  the  absence 
of  oxygen.  There  is  a second  point,  probably  of  equal  importance, 
and  this  concerns  the  kind  of  tissue  employed.  The  upper  portion 
of  the  small  intestines  (and  the  adjacent  tissue  after  death)  has  a 
bacterial  flora  peculiar  to  itself.  These  tissues  are  the  ones  quite 
universally  examined  in  medico-legal  cases,  and  consist  of  the  small 
intestine  itself,  the  stomach,  the  liver,  the  pancreas,  the  spleen,  and, 
in  some  instances,  the  kidneys.  Of  course,  the  bacteria  present  in 
the  small  intestine  during  life  may  after  death  extend  into  the  ab- 
dominal and  thoracic  viscera. 

Vaughan  allowed  finely-chopped  ox-liver  to  ferment  for  thirty 
days  under  anaerobic  conditions  and  then  divided  the  decomposed 
mass  into  three  portions,  which  were  marked  A,  B and  C.  To  B,  130 
mg.  of  morphin  sulphate  was  added,  and  to  C the  same  amount  of 
morphin  together  with  0.5  gram  each  of  indol,  skatol  and  phenol ; 
no  addition  was  made  to  A.  These  portions  were  carried  simulta- 
neously through  the  manipulations  recommended  by  Dragendorff. 
To  the  residues  obtained  from  the  amylic  alcohol  extract  of  alkaline 
solutions,  in  which  the  chemist  expects  to  find  morphin,  all  the 
known  color  tests  for  morphin  were  applied  and  all  the  residues  re- 
sponded to  these  tests  in  the  same  manner.  In  all,  nitric  acid  gave 
a lemon-brown  color  ; sulphuric  acid  showed  no  change ; sulphuric 
with  nitric  acid  gave  a lemon-yellow,  slowly  changing  to  a pink ; 
ferric  chlorid  gave  a dirty  green  ; iodic  acid  was  promptly  reduced ; 
Frohde’s  reagent  gave  a blue  color  without  any  violet ; and  sulphuric 
acid  and  cane  sugar  produced  a brownish-red  color,  changing  to  a 
wine-red.  These  investigations  show  that  the  color  tests  for  mor- 
phin, employed  by  toxicologists  in  following  the  scheme  of  Dragen- 
dorff, are  wholly  untrustworthy.  The  substances  in  these  extracts 
which  vitiate  the  tests  for  morphin  probably  consist  of  indol  and  its 
derivatives.  Germs  which  produce  indol  and  kindred  substances 
are  native  and  constant  representatives  of  the  bacterial  flora  of  the 
16 
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upper  portion  of  the  small  intestine.  There  are  many  indol-forming 
bacteria,  and  while  some  of  these  may  be  present  in  any  tissue,  they 
are  certainly  present  in  health  and  in  disease,  during  life  and  after 
death,  in  the  small  intestine. 

Indol  and  its  derivatives  are  products  of  anaerobic  putrefaction  and 
this  accounts  for  the  fact  that  the  reactions  obtained  in  the  above- 
mentioned  experiments  are  not  familiar  to  those  toxicologists  who 
have  employed  tissue  allowed  to  putrefy  in  the  presence  of  oxygen. 
It  should  be  remembered  that  indol  may  be  prepared  synthetically 
and  it  may  be  obtained  from  putrefying  tissue.  Samples  obtained 
from  the  two  sources  do  not  always  give  exactly  the  same  reactions. 
Skatol  is  another  product  of  anaerobic  putrefaction  which  may  inter- 
fere with  the  tests  for  morphin.  While  it  would  be  comparatively 
easy  to  distinguish  pure  morphin  from  either  indol  or  skatol,  the 
results  of  the  above-mentioned  experiments  show  that  the  separation 
of  morphin  from  tissue,  decomposing  in  the  absence  of  oxygen,  and 
its  identification  are,  by  the  methods  now  generally  employed,  so 
uncertain  that  the  conscientious  chemist  will  seek  for  methods  free 
from  these  sources  of  error  before  he  gives  positive  testimony  of  the 
presence  of  this  alkaloid.  We  have  spoken  of  indol  and  its  deriva- 
tives as  being  present  in  decomposing  tissue,  and  it  should  be  stated 
that  the  number  of  known  indol  derivatives  is  by  no  means  small, 
and  how  many  others  there  may  be  which  remain  unknown  no  one 
can  tell.  Many  of  these  substances  give  brilliant  color  reactions. 
Indoxyl  is  an  easily  decomposable  substance,  which  gives  some 
striking  color  reactions,  among  which  may  be  mentioned  the  produc- 
tion of  indigo  blue  with  ferric  chlorid  in  the  presence  of  free  hydro- 
chloric acid. 

Skatol-carbonic  acid  is  another  product  of  putrefaction  and  E.  and 
H.  Salkowski  obtained  1.3  grams  from  2 kg.  of  moist  fibrin  after 
twenty-six  days’  putrefaction.  Among  the  known  color  reactions  of 
this  substance  Hoppe-Seyler  mentions  the  following : 

1.  If  a dilute  solution  of  this  acid  (1:1000)  be  treated  with  a few 
drops  of  pure  hydrochloric  acid  of  1.2  specific  gravity,  and  then  with 
a few  drops  of  potassium  nitrate  solution  (2  per  cent.),  a cherry-red 
coloration  is  produced,  and  later  a red  precipitate  falls. 

2.  If  such  a solution  be  mixed  with  an  equal  volume  of  hydro- 
chloric acid,  and  then  a few  drops  of  chlorid  of  lime  solution  (J  per 
cent.)  be  added,  a purple-red  color  is  produced. 

3.  Treated  with  a few  drops  of  hydrochloric  acid,  then  with  two 
or  three  drops  of  a very  dilute  solution  of  ferric  chlorid  and  heated, 
the  mixture  becomes  intensely  violet  before  boiling.  Skatol-carbonic 
acid  is  non-volatile. 

Skatol-acetic  acid  has  been  obtained  by  Nencki  by  the  anaerobic 
putrefaction  of  serum  albumin.  The  aqueous  solutions  of  this  sub- 
stance give  with  ferric  chlorid  a white  cloudiness,  which  on  warm- 
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ing  becomes  a brick-red,  and  in  more  concentrated  solution  fire  red. 
Both  indigo  red  and  indigo  blue  may  be  formed  by  oxidation  of  indol. 

Knowing  that  indol  and  its  derivatives  are  formed  in  anaerobic 
putrefaction,  and  that  in  Dragendorff’s  scheme  for  the  separation 
and  identification  of  vegetable  alkaloids,  these  substances  appear  in 
the  residues  which  are  tested  for  morphin,  and  knowing  the  great 
number  and  variety  of  color  reactions  given  by  these  substances,  it 
may  be  asked,  How  much  reliance  can  be  placed  on  the  color  tests 
for  morphin  ? Besides  the  indol  bodies,  other  substances  are  formed 
in  the  anaerobic  putrefaction  of  proteid  bodies  and  among  these  are 
certain  aromatic  products  of  the  putrefaction  of  tyrosin.  The  fol- 
lowing may  be  mentioned  : (1)  Hydroparacumaric  acid  (paraoxy- 
phenylpropionic  acid).  This  substance  gives  with  ferric  ehlorid  a 
distinct  but  evanescent  blue  coloration.  (2)  Paraoxyphenylacetic 
acid.  This  substance  gives  with  ferric  ehlorid  a pale  grayish-violet, 
which  soon  changes  to  a dirty  green  color. 

Among  other  products  of  anaerobic  putrefaction  of  proteids,  phenol 
and  parakresol  may  be  mentioned  ; with  the  former  ferric  ehlorid 
gives  a violet  color  and  with  the  latter  a blue. 

In  the  case  of  Dr.  Urbino  de  Freitas  1 of  Oporto,  Portugal,  who 
was  accused  of  attempting  the  wholesale  murder  of  his  wife’s  family 
by  the  administration  of  morphin,  the  toxicologists  relied  for  the  de- 
tection of  this  alkaloid  upon  the  color  reactions  applied  to  residues 
obtained  by  following  Dragendorff’s  method.  They  also  reported 
the  presence  of  narcein  and  the  probable  presence  of  delphinin. 
The  defense  questioned  the  reliability  of  the  tests  used  and  a large 
number  of  the  most  prominent  toxicologists  in  Europe  became  in- 
volved in  the  controversy.  It  was  claimed  by  the  prosecution  that 
200  mg.  of  morphin  had  been  recovered.  On  this  point  Beckurts 
stated  that  it  was  incomprehensible  to  him  that  a toxicologist  should 
recover  200  mg.  of  morphin  and  not  be  able  to  present  a part  of  it 
in  evidence,  and  also  to  furnish  a portion  to  the  experts  on  the  other 
side.  Brieger  and  Bischoff  thought  200  mg.  a fabulous  quantity  to 
recover  and  that  a portion  of  the  poison  should  have  been  presented 
in  evidence.  Husemann  thought  the  tests  relied  upon  insufficient, 
and  that  putrefactive  substances  had  been  mistaken  for  the  vegetable 
alkaloid,  and  even  Dragendorff  himself  thought  it  likely  that  this 
mistake  had  been  made.  For  the  detection  of  the  morphin  the  toxi- 
cologists for  the  prosecution  had  relied  chiefly  upon  the  application 
to  the  amylic  alcohol  residue  of  the  tests  with  iodic  acid,  Frbhde’s 
reagent,  and  sulphoselenic  acid  (known  as  Lafon’s  reagent).  The 
chemists  consulted  quite  generally  agreed  that  these  tests  are  unreli- 
able and  that  the  amylic  alcohol  extract  of  putrefying  material  fre- 
quently responds  to  these  tests  when  morphin  is  known  not  to  be 
present. 

1 Relation  medico-lcgalc  de  C affaire  Urbino  de  Freitas. 
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Atropin-like  Substances. — Many  investigators  have  found  putre- 
factive products  which  in  their  mydriatic  properties  resemble  atropin 
and  hyoscyamin.  To  this  class  belongs  the  substance  observed  by 
Zuelzer  and  Sonnenschein.  It  was  removed  from  alkaline  solutions 
by  ether,  and  formed  microscopic  crystals,  an  aqueous  solution  of 
which,  when  applied  to  the  conjunctiva,  produced  a mydriatic  effect, 
and,  when  administered  internally,  increased  the  action  of  the  heart 
and  arrested  the  movements  of  the  intestines.  Moreover,  in  its  beha- 
vior with  certain  alkaloidal  reagents,  such  as  platinum  chlorid,  it  re- 
sembled atropin  ; but  when  heated  with  sulphuric  acid  and  oxidizing 
agents  it  did  not  give  the  odor  of  blossoms  (Reuss’s  test).  How- 
ever, Selmi  found  ptomatropins  which  with  sulphuric  acid  and  oxi- 
dizing agents  did  give  the  blossom  odor  as  distinctly  as  the  vegetable 
atropin.  These  putrefactive  bases  also  developed  this  odor  sponta- 
neously after  standing  for  two  or  three  days,  and  this  does  not 
happen  with  atropin.  The  odor  was  produced  with  the  ptomatro- 
pins by  nitric  and  sulphuric  acids  both  in  the  cold  and  on  the  appli- 
cation of  heat,  while  these  acids  in  the  cold  did  not  produce  the  odor 
with  atropin.  Ptomatropins  have  been  found  in  decomposing  fish, 
corned  beef,  putrid  game,  and  poisonous  sausage.  It  is  not  known 
whether  there  is  only  one  or  more  of  these  poisons.  The  symptoms 
often  resemble  those  of  belladonna  poisoning  very  closely.  The 
throat  becomes  dry,  the  muscles  of  deglutition  seem  to  be  paralyzed, 
the  secretion  of  perspiration  and  saliva  is  arrested,  mydriasis  may 
be  marked,  and  there  may  be  paralysis  of  accommodation,  ptosis,  and 
strabismus.  In  some  instances  delirium  and  in  others  convulsions 
appear.  The  heart-beat  becomes  rapid  and  weak.  The  tongue  is 
coated,  and  in  the  most  dangerous  cases  constipation  is  obstinate. 
The  general  weakness  may  be  extreme,  and  the  voice  wholly  lost. 
Section  shows  the  pharynx  swollen,  hemorrhagic  spots  in  the  oesoph- 
agus, stomach  and  intestines,  cloudy  swelling  of  the  solitary  fol- 
licles and  Peyer’s  patches,  and  degeneration  of  the  heart  muscle. 
The  brain,  lungs,  and  kidneys  are  often  hyperemic.  Extracts  of 
putrid  material  will  often  cause  more  or  less  dilatation  of  the  pupil 
in  the  lower  animals  when  applied  locally.  Haines  and  Vaughan 
were  once  appointed  a commission  to  inquire  into  the  tests  obtained 
by  a toxicologist  who  had  reported  four  grains  of  atropin  in  the 
stomach  of  a man  who  had  been  dead  for  some  weeks.  The  chief 
test  relied  upon  by  the  chemist  was  that  an  ounce  of  extract  from 
the  stomach  dilated  a cat’s  pupil  about  as  much  as  a solution  of  four 
grains  per  ounce  of  atropin  sulphate.  It  is  needless  to  comment  on 
the  validity  of  such  evidence. 

Digitalin -like  Substances. — Rorsch  and  Fasbender  discovered  a 
putrefactive  base  which  affected  animals  very  much  like  digitalin. 
Trottarelli  obtained  a similar  substance  from  the  brain  of  a man  in 
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whose  abdominal  viscera  he  could  find  no  poison.  The  sulphate  of 
this  base  gave  on  evaporation  an  aromatic  smelling  and  astringent 
tasting  residue.  It  became  purple  with  sulphuric  acid  only,  and 
dark  red  with  hydrochloric  and  sulphuric  acids.  On  frogs  this 
ptomain  had  no  toxic  action. 

A Veratrin-like  Substance. — Brouardel  and  Boutmy  obtained 
from  a corpse  which  had  lain  in  water  for  eighteen  months,  and  a large 
portion  of  which  had  changed  into  adipocere,  a ptomain  resembling 
veratrin.  It  was  removed  from  alkaline  solution  by  ether,  and  on 
being  heated  with  sulphuric  acid  it  became  violet.  With  a mixture 
of  sulphuric  acid  and  barium  peroxid  it  became,  in  the  cold,  brick- 
red  ; and,  on  being  heated,  violet.  With  boiling  hydrochloric  acid 
it  took  on  a cherry-red  coloration.  However,  it  differed  from  vera- 
trin, inasmuch  as  it  reduced  ferric  salts  instantly,  and  when  injected 
into  frogs  subcutaneously  it  did  not  induce  the  spasmodic  muscular 
contractions  characteristic  of  veratrin.  Bechamp  obtained,  by  the 
Stas-Otto  method  from  the  products  of  the  digestion  of  fibrin,  an 
alkaloidal  body  which  gave  with  sulphuric  acid  a beautiful  carmine- 
red,  similar  to  that  given  with  gastric  juice,  and  again  extracting,  he 
obtained  a body  which  behaved  with  sulphuric  acid  similarly  to 
curarin. 

A Delphinin-like  Substance. — In  1870  Gibbone,  an  Italian  of 
prominence,  died  suddenly,  and  his  servant  was  accused  of  having 
poisoned  him.  Two  chemists  reported  the  presence  of  delphinin 
in  the  viscera,  but  it  seemed  improbable  that  the  servant  should 
know  anything  of  so  rare  a substance,  or  that  he  should  have  been 
able  to  obtain  it.  However,  two  or  more  varieties  of  staphisagria 
grow  in  southern  Italy,  and  it  wFas  possible  that  the  servant  had 
used  some  preparation  made  by  himself  from  the  plant.  The  sup- 
posed alkaloid  was  given  to  Selmi  for  further  study.  It  was 
removed  from  alkaline  solutions  with  ether.  When  heated  with 
phosphoric  acid  it  became  red,  and  when  brought  into  contact  with 
concentrated  sulphuric  acid  reddish-brown.  In  these  tests  the  sub- 
stance resembled  delphinin,  but  with  sulphuric  acid  and  bromin 
water,  the  colorations  characteristic  of  the  vegetable  poison  failed  to 
appear.  Moreover,  Selmi  showed  that  delphinin  gives  the  following 
reactions  to  which  the  suspected  substance  does  not  respond  : 

1.  Delphinin  dissolved  in  ether,  and  treated  with  a freshly  pre- 
pared ethereal  solution  of  platinic  chlorid,  gives  a white  flocculent 
precipitate,  which  is  insoluble  in  an  equal  volume  of  absolute  alcohol. 

2.  Delphinin  gives  precipitates  with  auro-sodium  hyposulphite, 
and  with  a sulphuric  acid  solution  of  cupro-sodium-hyposulphite, 
the  latter  precipitate  being  soluble  in  an  excess  of  the  reagent. 
Finally  Ciaccia  and  Vella  showed  that  while  delphinin  arrests  the 
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heart  of  the  frog  in  diastole,  the  suspected  substance  arrests  it  in 
systole. 

A Colchicin-like  Substance. — Baumert  found,  in  a case  of  sus- 
pected poisoning,  twenty-two  months  after  death,  a substance  giving 
many  of  the  reactions  for  colchicin.  It  was  extracted  from  acid 
solutions  with  ether,  to  which  it  imparted  a yellow  color.  On 
evaporation  of  the  ether,  a yellow,  amorphous  substance  remained, 
and  this  dissolved  in  warm  water  with  yellow  coloration.  It  could 
be  extracted  from  acid  solutions  also  by  chloroform,  benzol  and 
amylic  alcohol,  but  not  from  petroleum  ether.  It  was  removed  with 
much  more  difficulty  from  alkaline  solutions.  All  the  extracts  were 
yellow  and  left  on  evaporation  a strictly  alkaline,  markedly  bitter, 
sharp  tasting,  amorphous  yellow  residue,  which  dissolved  in  water 
and  dilute  acids  incompletely,  forming  a resin.  When  this  resin 
was  dissolved  in  dilute  sodium  hydrate  and  the  solution  rendered 
acid  with  sulphuric  acid,  the  same  reactions  were  obtained  as  with 
the  original  extract.  With  phosphomolybdic  acid,  phosphotungstic 
acid,  potassio-bismuthic  iodid,  potassio-mercuric  ioclid,  iodin  in 
potassium  iodid,  cyanic  acid,  and  gold  chlorid,  this  substance  gave 
the  same  reactions  which  were  obtained  by  parallel  experiments  with 
colchicin.  Thus,  the  tannic  acid  precipitates  were  both  soluble  in 
alcohol,  and  the  precipitates  with  phosphomolybdic  acid  in  both 
cases  became  blue  on  the  addition  of  ammonium  hydrate.  Concen- 
trated sulphuric  and  dilute  nitric  and  hydrochloric  acids  dissolved 
the  supposed  colchicin  with  yellow  coloration.  Strong  nitric  acid 
colored  the  substance  dirty  red,  scarcely  to  be  called  a violet.  When 
the  substance  was  purified  as  much  as  possible,  this  color  became  a 
beautiful  carmine-red.  The  addition  of  water  changed  the  red  into 
yellow,  and  caustic  soda  produced  a dark  dirty  orange.  In  general, 
in  the  above-mentioned  reactions,  the  putrefactive  product  agreed 
with  colchicum,  but  the  former  gave  precipitates  with  picric  acid 
and  platinum  chlorid,  while  the  latter  gave  no  precipitates  with  these 
reagents. 

In  1886,  Zeisel  proposed  the  following  test  for  colchicum  : When 
a hydrochloric  acid  solution  of  the  alkaloid  is  boiled  with  ferric 
chlorid,  it  becomes  green,  sometimes  dark  green,  and  cloudy ; then, 
if  the  fluid  be  agitated  with  chloroform,  the  chloroform  takes  up  the 
coloring  matter  and  appears  brownish-red,  or  dark,  and  the  super- 
natant fluid  clears  up  without  becoming  wholly  colorless.  Baumert 
applied  this  test  to  both  colchicum  and  the  putrefactive  product. 
To  from  2 to  5 c.c.  of  the  suspected  solution  in  a test-tube,  he  added 
from  five  to  ten  drops  of  strong  hydrochloric  acid,  and  from  four  to 
six  drops  of  a 10  per  cent,  solution  of  ferric  chlorid,  then  heated  the 
mixture  directly  over  a small  flame  until  it  was  evaporated  to  half 
its  volume  or  less.  In  the  presence  of  1 mg.  of  colchicin  the  origi- 
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nally  bright  yellow  solution  became  gradually  green,  and,  on  further 
concentration,  dark  green  and  cloudy ; then,  on  shaking  the  fluid 
with  chloroform,  admitting  as  much  air  as  possible,  the  chloroform 
subsided,  having  a red  color  if  as  much  as  2 mg.  of  colchicin  were 
present,  and  a bright  yellow  color  if  only  1 mg.,  and  the  supernatant 
fluid  became  a beautiful  olive  green.  When  either  petroleum  ether, 
benzol,  carbon  bisulphid,  or  ainylic  alcohol  was  substituted  for  the 
chloroform  the  coloration  did  not  appear.  From  this  Baumert  in- 
fers that  the  red  coloring  matter  is  either  soluble  in  chloroform  or 
that  it  is  not  formed  until  the  chloroform  is  added.  He  found  that 
the  putrefactive  product  did  not  respond  to  this  test.  Some  of  this 
substance  was  sent  to  Brieger,  who  decided  that  it  was  not  a base, 
but  a pepton-like  substance ; it  was  also  found  to  be  inert  physio- 
logically. 

Liebermann  found  a similar  colchicin-like  substance  in  a cadaver. 
His  description  differed  from  that,  of  Baumert  only  in  regard  to  the 
taste  of  the  substance,  Liebermann  having  failed  to  observe  any 
marked  taste  in  his  body,  while  Baumert  reported  a distinctly  bitter 
taste.  A colchicin-like  substance  has  been  found  in  beer,  and  it  has 
been  suggested  that  it  was  this  that  the  above-mentioned  toxicolo- 
gists found  in  the  bodies  which  they  examined,  but  Liebermann  states 
that  the  man  whose  body  he  analyzed  had  been  a total  abstainer  from 
beer. 


CHAPTER  XIV. 

CHEMISTRY  OF  THE  PTOMAINS. 


The  basic  substances  described  in  the  following  pages  are  ar- 
ranged, as  far  as  possible,  in  the  regular  natural  order.  An  inspec- 
tion of  the  list  of  these  bases  will  show  the  remarkable  fact  of  the 
predominancy  of  the  amine  type.  Almost  two-thirds  of  the  known 
ptomains  contain  only  C,  H,  and  N,  and  represent  simple  ammonia 
substitution  compounds.  Of  the  oxygenated  bases,  all  of  those 
whose  constitution  is  known  possess  the  trimethylamin  group  as 
their  basic  constituent,  and  it  is  quite  probable  that  most,  if  not  all, 
of  the  remaining  ptomains  will  be  found  to  possess  the  same  or  a 
similar  basic  nucleus. 

It  will  be  seen,  furthermore,  that  a very  large  number  of  the 
ptomains  described  possess  little  or  no  toxic  action,  and  are,  therefore, 
physiologically  inert.  It  would  seem,  as  Brieger  has  already  pointed 
out,  that  a certain  quantity  of  oxygen  is  necessary  to  the  formation 
of  poisonous  bases.  A free  supply  of  oxygen,  on  the  other  hand,  in- 
variably yields  non-toxic  ptomains.  The  poisonous  bases  begin  to 
appear  about  the  seventh  day  of  putrefaction,  and  in  turn  disappear 
if  this  is  allowed  to  go  on  for  a considerable  period  of  time. 

It  has  already  been  pointed  out  that  the  ptomains  are  to  be  regarded 
as  extra-cellular  products  of  bacterial  activity.  They  do  not  origi- 
nate within  the  bacterial  cell  and  therefore  they  are  not  to  be  looked 
upon  as  direct  metabolic  products  of  the  cell  protoplasm  but  rather 
as  secondary  cleavage  products.  The  production  of  amines  and  di- 
amines, for  example,  is  clearly  due,  as  in  the  case  of  monamino  acids 
leucin  and  tyrosin,  to  the  splitting  off  of  preexisting  groups  in  the 
substance  acted  upon.  This  fact  has  been  made  especially  clear  in 
the  demonstration  of  the  origin  of  putrescin  and  cadaverin  from  the 
proteid  bases  arginin  and  lysin  ; and  of  cholin  and  allied  bases  from 
lecithin. 

Methylamin,  CH3.NH2;  this  is  the  simplest  organic  base  that 
is  formed  in  the  process  of  putrefaction.  It  is  ammonia  in  which 
one  atom  of  hydrogen  has  been  replaced  by  the  methyl  radical.  It 
occurs  in  herring-brine  (Tollens,  1866  ; Bocklisch,  1885) ; in  decom- 
posing herring,  twelve  days  in  spring  (Bocklisch)  ; in  pike,  six  days 
in  summer  (Bocklisch) ; in  haddock,  two  months  at  a low  tempera- 
ture (Bocklisch) ; in  the  fermentation  of  cholin  chlorid  (Hasebroek). 
Brieger  found  it  present  in  cultures  of  comma  bacillus  on  beef-broth 
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which  were  kept  for  six  weeks  at  37°— 38°.  Ehrenberg  reported  its 
possible  presence  in  poisonous  sausage,  and  obtained  it  by  growing  a 
bacillus  from  this  source  on  intestines  (1887).  Morner  (1896)  found 
it  in  fermented  fish  associated  with  di-  and  tri-methylamins  and 
cholin.  Emmerling  (1 897)  found  it  with  the  latter  and  a base  C8HUN 
in  the  streptococcus  decomposition  of  fibrin.  In  Brieger’s  method 
methylamin  is  found  in  both  the  mercuric  chlorid  precipitate  and  fil- 
trate. The  mercury  double  salt  is  readily  soluble  in  water,  and  can 
thus  be  separated  from  any  accompanying  cadaverin  or  putrescin. 
Methylamin  is  an  inflammable  gas  of  strong  ammoniacal  odor,  and 
burning  with  a yellow  flame.  It  is  readily  soluble  in  water,  and  its 
solutions  give  reactions  similar  to  those  of  ammonia.  Its  salts  are, 
as  a rule,  also  soluble  in  both  water  and  alcohol. 

The  hydrochlorid,  CH3.NH2.HC1,  crystallizes  in  large  deliques- 
cent plates.  On  being  heated  with  alkali,  it  gives  otf  the  odor  of 
methylamin. 

The  platinochlorid,  (CH3.NH2.HCl)2PtCl4  (Pt  = 41.31  per  cent.),1 
yields  hexagonal  plates  which  usually  occur  heaped  up  in  several 
layers.  It  is  soluble  in  about  fifty  parts  of  water  at  ordinary  tem- 
perature, and  can  be  readily  recrystallized  from  hot  water.  It  is  in- 
soluble in  absolute  alcohol  and  in  ether. 

The  aurochlorid,  CH3.NH2.HC1.AuC13  -f  H20,  forms  prisms 
which  are  readily  soluble  in  water.  There  is  also  a readily  soluble 
picrate. 

Methylamin  does  not  possess  any  toxic  action,  even  when  given 
in  fairly  large  doses.  This  physiological  indifference  is  shared  by 
nearly  all  the  monamins  and  diamins  that  have  been  obtained  among 
the  products  of  putrefaction. 

Dimethylamin,  (CH3)2.NH,  has  been  found  in  putrefying  gelatin, 
ten  days  at  35°  (Brieger,  1885);  in  yeast  decomposing  in  covered 
vessels  for  four  weeks  during  summer  (Brieger) ; in  decomposing 
perch  six  days  in  summer  (Bocklisch) ; and  in  herring-brine  (Bock- 
lisch,  1886);  in  fermented  fish  (Morner,  1896).  It  has  been  found 
in  poisonous  sausage,  and  in  cultures  of  a bacillus,  obtained  from  this 
source,  on  liver  and  intestines  (Ehrenberg,  1887).  It  is  also  formed 
together  with  trimethylamin,  when  neuridin  hydrochlorid  is  distilled 
with  sodium  hydrate  (Brieger,  I.,  23).  It  occurs  in  the  mercuric 
chlorid  precipitate  as  well  as  filtrate.  From  cadaverin  it  can  be  sep- 
arated by  platinum  chlorid,  since  cadaverin  platinochlorid  is  difficultly 
soluble  in  cold  water,  and  recrystallizes  from  hot  water,  whereas  the 
dimethylamin  double  salt  remains  in  the  mother-liquor.  In  like 
manner  it  can  be  separated  from  neuridin.  From  cholin  it  can  be 

'The  percentages  given  in  the  following  pages  are  calculated  from  Au  = 196.64 
(Kriiss),  Pt  = 194.46  (Seubert),  Cl  = 36.37,  0 = 15.96. 
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isolated  by  recrystallizing  the  mercuric  chlorid  precipitate  from  hot 
water. 

The  free  base  is  a gas  at  ordinary  temperature,  but  can  be  con- 
densed to  a liquid  which  boils  at  8°-9°.  The  hydrochlorid, 
(CH3)2.NH.HC1,  crystallizes  in  needles,  which  deliquesce  on  expo- 
sure to  air  and  are  soluble  in  absolute  alcohol  (Brieger,  I.,  56).  It 
is  insoluble  in  absolute  alcohol  (Bocklisch),  but  soluble  in  chloro- 
form (Behrend),  and  can  then  be  separated  from  methylamin  hydro- 
chlorid, which  is  insoluble  in  chloroform. 

The  platinochlorid,  [(CHS)2.NH.HC1]  2PtCl4  (Pt  = 39.00  per 
cent.),  crystallizes  in  long  needles,  which  are  easily  soluble  in  hot 
water,  less  soluble  in  cold  water.  Sometimes  it  forms  orange-yellow 
plates  or  prisms,  or  else  small  needles. 

The  aurochlorid,  (CH3)2.NH.HC1.AuC13,  forms  needles  (Bock- 
lisch), or  large  yellow  monoclinic  plates  (Hjortdahl),  which  are  in- 
soluble in  absolute  alcohol. 

With  mercuric  chlorid  it  unites  to  form  two  double  salts  (Morner). 

Trimethylamin,  C3H9^  = (CH3)3N,  has  been  known  for  a long 
time  to  occur  in  animal  and  vegetable  tissues.  Dessaignes  showed 
its  presence  in  leaves  of  Chenopodium  (1851),  in  the  blood  of  calves 
(1857),  and  later  in  human  urine.  It  has  been  obtained  from  ergot 
(Secale  cornutum)  by  Walz  (1852)  and  Brieger  (1886) ; from  herring- 
brine  by  Wertheim,  Winkles,  Tollens  and  Bocklisch.  In  these 
substances,  with  the  exception  of  herring-brine,  it  probably  does  not 
exist  pre-formed,  but  is  rather  a product  of  the  method  employed  for 
its  isolation.  In  fact,  Brieger  has  shown  that  it  does  not  exist  in 
ergot,  but  is  formed  at  the  expense  of  the  cholin  present,  which,  on 
distillation  with  potash,  decomposes  and  yields  trimethylamin  and 
glycol.  Thus : 

C2H4OH.N(CH,)s.OH  = N(CHs)8  + C2IT4(OH)2. 

It  is  also  formed  when  betain  and  neuridin  are  distilled  with  potash. 
It  may  have  a similar  origin  in  most  of  the  other  cases,  since  cholin 
is  now  known  to  be  widely  disseminated  in  plants  and  animals, 
either  as  such  or  as  a constituent  of  the  more  complex  lecithin. 

Trimethylamin  has  been  found  in  the  putrefaction  of  yeast 
(Hesse,  1857  ; Muller,  1858);  in  cheese  after  six  weeks  in  mid- 
summer (Brieger);  in  human  liver  and  spleen  after  from  two  to  seven 
days  (Brieger);  in  perch  after  six  days  in  midsummer  (Bocklisch) ; 
in  mussel  (Mytilus  edulis)  after  sixteen  days  (Brieger);  in  putrefying 
brains  after  from  one  to  two  months,  and  in  fresh  brains  (Guareschi 
and  Mosso);  in  cultures  of  the  streptococcus  pyogenes  on  beef-broth, 
bouillon,  meat-extract,  and  blood-serum ; from  cultures  of  the 
comma-bacillus  (Brieger),  and  from  cultures  of  proteus  vulgaris  (Car- 
bone). It  has  also  been  found  in  cod-liver  oil.  Ehrenberg  (1887) 
reports  its  presence  in  considerable  quantity  in  poisonous  sausage, 
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and  in  cultures  of  a bacillus,  isolated  from  this,  grown  on  liver, 
intestines,  and  meat-bouillon.  Stadthagen  has  found  it  in  normal 
urine ; Kulneff  in  the  feces  of  a case  of  gastroptosis.  Mbrner  ob- 
tained it  together  with  cholin  and  the  preceding  amins  from  “ fer- 
mented fish,”  an  article  of  food  consumed  in  northern  Sweden 
(1896).  Emmerling  found  it  in  putrefying  gluten,  also  in  strepto- 
coccus decomposition  of  fibrin  together  with  methylamin  and  the 
base  C8HuN  (1897). 

Trimethylamin  is  found  in  both  the  mercuric  chlorid  precipitate 
and  filtrate.  It  remains  in  the  mother-liquor  from  which  cadaverin, 
neuridin,  and  dimethylamin  platinochlorids  have  crystallized.  If 
an  aqueous  solution  of  mercuric  chlorid  is  used  as  the  precipitant, 
the  trimethylamin  will  be  found  almost  entirely  in  the  filtrate,  from 
which  it  can  be  obtained  after  removal  of  the  mercury  by  evaporat- 
ing the  filtrate  to  dryness,  extracting  with  alcohol,  and  treating  the 
solution  thus  obtained  with  alcoholic  platinum  chlorid. 

The  free  base  is  a liquid  possessing  a strong,  fish-like  odor.  Its 
boiling-point  is  9.3°.  It  is  strongly  alkaline  in  reaction  and  freely 
soluble  in  water. 

The  hydrochlorid,  (CH3)3N.HC1,  is  deliquescent  and  freely  soluble 
in  water  and  alcohol.  Heated  to  285°  it  decomposes.  With  alkalis 
it  gives  off  the  odor  of  the  free  base. 

The  platinochlorid,  [(CH3)3N.HC1]  2PtCl4  (Pt  = 36.92  per  cent.), 
is  soluble  in  hot  water,  from  which,  on  cooling,  it  recrystallizes  in 
orange-red  octahedra  or  needles,  which  do  not  lose  water  when  heated 
at  100°-110°  (Bocklisch). 

The  aurochlorid,  (CH3)3N.HC1.AuC13  (Au  = 49.39  per  cent.),  is 
easily  soluble,  and  hence  can  be  separated  from  cholin  aurochlorid, 
which  is  difficultly  soluble.  Similarly  this  base  can  be  separated 
from  ammonia  by  the  use  of  gold  chlorid.  The  mercurochlorid  con- 
tains two  molecules  of  HgCl2  (Morner). 

Trimethylamin  is  not  a strong  poison,  since  very  large  doses  of  it 
must  be  given  in  order  to  bring  out  physiological  disturbances. 

Ethylamin,  C2HVNH2,  is  formed  in  putrefying  yeast  (Hesse, 
1857) ; in  wheat  flour  (Sullivan,  1858) ; and  also  in  the  distillation 
of  beat-sugar  residues. 

It  is  a strongly  ammoniacal  liquid  boiling  at  18.7°  and  is  miscible 
with  water  in  every  proportion.  Like  the  other  amins,  it  is  com- 
bustible. It  possesses  strong  basic  properties,  and  is  capable  of  ex- 
pelling ammonia  from  its  salts  in  a manner  analogous  to  the  action 
of  the  fixed  alkalis. 

The  hydrochlorid,  C2HVNH2.IIC1,  forms  deliquescent  plates, 
which  melt  at  76°-80°.  It  is  readily  soluble  in  water  and  alcohol. 

The  platinochlorid,  (C2H5.NH2.HCl)2PtCl4,  forms  orange-yellow 
rhombohedra  (Weltzien),or  hexagonal-rhombohedral  crystals  (Topsoe). 


252 


CHEMISTRY  OF  THE  PTOMAINS. 


The  aurochlorid,  C2H5.NH2.HC1.AuC13,  forms  gold-yellow  mono- 
clinic prisms,  readily  soluble  in  water. 

With  picric  acid  it  forms  short  brown  prisms,  not  very  soluble  in 
water. 


Diethylamin,  C4HUN  = (C2H5)2NH,  has  been  obtained  by  Bock- 
lisch  from  pike  which  were  allowed  to  putrefy  for  six  days  in  sum- 
mer ; and  by  growing  a bacillus  obtained  from  poisonous  sausages  on 
intestines  and  on  meat-bouillon  (Ehrenberg,  1887). 

It  is  an  inflammable  liquid  which  boils  at  57.5°,  possesses  strong 
basic  properties,  and  is  soluble  in  water. 

The  hydrochlorid,  (C2H5)2NH.HC1,  crystallizes  in  needles 
(Bocklisch) ; in  long  needles  and  prisms  from  absolute  alcohol ; in 
plates  from  ether-alcohol.  These  are  not  deliquescent  and  are  easily 
soluble  in  water  and  in  chloroform  ; rather  difficultly  in  absolute  alco- 
hol. Heated  with  sodium  hydrate  it  gives  off  alkaline  vapors.  From 
an  alcoholic  solution  it  is  precipitated  by  addition  of  alcoholic  mercuric 
chlorid.  The  mercury  double  salt  is  difficultly  soluble  in  hot  water, 
from  which  it  recrystallizes  on  cooling. 

The  platinochlorid,  [ (C2Hs)2.NH.HCl]2PtCl4,  crystallizes  in 
orange-yellow  monoclinic  crystals  which  are  easily  soluble  in  water. 

The  aurochlorid,  (C2H5)2NH.HCl.AuCl3  (Au  = 47.71  percent.), 
forms  trimetric  crystals  (Topsoe),  which  are  difficultly  soluble  (Bock- 
lisch). It  melts  at  about  165°. 

With  picric  acid  it  forms  an  easily  soluble  picrate  (Lea). 

Triethylamin,  C6H16N  = (C2H5)3N,  was  obtained  by  Brieger 
(1885)  from  haddock  wliich  were  exposed  for  five  days  in  an  open 
vessel  during  summer.  He  obtained  it  by  distilling  with  potash, 
after  removal  of  platinum  by  hydrogen  sulphid,  the  mother-liquor 
from  which  neuridin,  the  base  C2IIgN2,  muscarin,  and  gadinin  had 
successively  crystallized  (see  gadinin).  It  has  also  been  found  by 
Bocklisch  (1886)  in  putrid  pike,  and  by  Ehrenberg  (1887).  The 
latter  obtained  it  from  cultures  of  a bacillus,  found  in  poisonous  sau- 
sage, and  grown  on  meat-bouillon. 

The  free  base  is  oily  in  character  and  possesses  an  amraoniacal 
odor.  It  is  but  slightly  soluble  in  water,  and  boils  at  89°- 89.5°. 

The  platinochlorid,  [(C2H5)3N.HCl]2PtCl4  (Pt  = 31.84  per 
cent.),  crystallizes  in  needles,  which  are  readily  soluble  in  water. 

With  mercuric  chlorid  the  aqueous  solution  gives  no  precipitate. 

With  picric  acid  it  yields  yellow  needles  which  are  but  slightly 
soluble  in  cold  water. 

Propylamin,  C3H7.NH2,  is  isomeric  with  trimethylamin,  and  can 
therefore  be  easily  confounded  with  that  base.  There  are  two  pro- 
pylamins  possible  represented  by  the  formulas  CH3.CH2.CH2.NH2 
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and  (CHS)2.CH.NH2.  The  former,  or  the  normal  compound,  boils 
at  47°_48°,  whilst  the  latter,  or  iso-propylamin,  boils  at  31.5°. 
Both  are  liquids  possessing  an  ammoniacal,  fish-like  odor.  They 
form  crystalline  salts;  the  hydrochlorids  melt  respectively  at  155°- 
158°  and  at  139.5°. 

Iso-propylamin  (?)  has  been  found  among  the  distillation  products 
of  the  vinasse  of  beet-root  molasses.  Propylamin  has  been  obtained 
by  Brieger  (1887)  from  cultures  of  the  bacteria  of  human  feces  on 
gelatin.  Schwanert  has  isolated  from  the  organs  of  a cadaver  a 
basic  substance  which  was  said  to  possess  an  odor  similar  to  propyl- 
amin. 

Butylamin,  C4HUN,  was  obtained  by  Gautier  and  Mourgues 
(1888)  ia  cod-liver  oil.  It  forms  a colorless,  mobile,  alkaline  liquid, 
the  boiling  point  of  which  they  found  to  be  86°  at  760  mm.  It 
absorbs  carbonic  acid  from  the  air  and  readily  forms  salts.  The 
platinochlorid  forms  golden-yellow  plates  which  are  quite  soluble. 

In  animals  it  produces  an  increase  in  the  function  of  the  skin  and 
kidneys,  and  in  large  doses  fatigue,  stupor  and  vomiting. 

Iso-amylamin,  C5H,3N  = (CH3)2.CH.CH2.CH2.NH2,  has  been 
obtained  by  Limpricht  in  the  distillation  of  horn  with  potash  ; it 
also  occurs  in  the  putrefaction  of  yeast  (Muller,  Hesse,  1857);  and 
in  cod-liver  oil  (Gautier  and  Mourgues,  1888),  where  it  constitutes 
nearly  one-third  of  the  bases  present.  Since  leucin  on  heating  yields 
amylamin  and  carbonic  acid  it  may  be  looked  upon  as  a source  of 
this  ptomain. 

It  is  a colorless,  strongly  alkaline  liquid,  possessing  an  odor  which 
is  not  disagreeable.  At  the  ordinary  pressure  it  boils  at  97  °- 
98°. 

The  hydrochlorid  forms  deliquescent  crystals,  which  have  a bitter, 
disagreeable  taste.  The  platinochlorid  crystallizes  in  golden-yellow 
slender  plates,  which  are  very  soluble  in  boiling  wrater.  The  base 
is,  according  to  Gautier  and  Mourgues,  identical  with  that  obtained 
by  treating  iso-amylcarbimid  with  potash. 

It  is  a very  active  poison,  producing  rigor,  convulsions,  and  death. 
Four  milligrams  produce  death  in  a greenfinch  in  three  minutes. 


Caproylamin  (Hexylamin),  CfH15N,  has  been  found  to  occur  by 
Hesse  (1857)  in  the  putrefaction  of  yeast.  Hager  isolated  from 
some  putrid  material  what  he  thought  to  be  a mixture  of  amylamin 
and  caproylamin,  and  named  it  septicin. 

Hexylamin  was  found,  in  small  quantity,  in  cod-liver  oil,  by 
Gautier  and  Mourgues,  and  according  to  these  authors  it  resembles 
amylamin  in  its  action,  but  is  less  toxic. 
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Tetanotoxin,  C5HnN(?),  was  obtained  by  Brieger  (1886)  as  one 
of  the  products  of  the  growth  of  the  tetanus  bacillus  on  beef-broth 
or  on  brain-broth.  It  has  also  been  obtained  by  Kitasato  and  Weyl 
(1890)  from  pure  cultures  of  the  tetanus  bacillus,  kept  eight  days  at 
36°.  For  its  isolation  see  tetanin  and  Ber.  d.  d.  chem.  Ges.,  19, 
3120.  It  is  tetanizing  in  action,  produces  first  tremor,  then  paral- 
ysis and  violent  convulsions.  It  forms  an  easily  soluble  gold  double 
salt  which  melts  at  130°.  The  platinochlorid  is  difficultly  soluble, 
and  decomposes  at  240°.  The  hydrochlorid  is  crystalline,  and  is 
readily  soluble  in  alcohol  and  in  water.  It  melts  at  about  205°. 
From  warm  alcohol  it  crystallizes  in  flat,  pointed  plates. 

Spasmotoxin,  a base  of  as  yet  unknown  composition,  produces 
in  animals  violent  clonic  and  tonic  convulsions.  It  v was  ob- 
tained by  Brieger  (1887)  from  cultures  of  the  tetanus  germ  on  beef- 
broth. 

Another  toxin  was  obtained  by  Brieger  (1887),  in  cultures  of  the 
tetanus  microbe,  which  produced  complete  tetanus,  salivation  and  tear- 
secretion.  In  its  composition  it  is  probably  a diamin.  The  platin- 
ochlorid forms  plates  which  begin  to  decompose  at  240°.  The 
hydrochlorid  is  very  deliquescent.  Gold  chlorid  and  picric  acid 
form  very  soluble  compounds.  Besides  these  three  bases  he  isolated 
another  toxic  substance,  tetanin,  and  a base  (see  under  tetanin). 

Dihydrolutidin,  C7HUN,  was  found  in  cod-liver  oil  by  Gautier 
and  Mourgues  (1888).  It  is  the  first  known  hydrolutidin.  It  is  a 
colorless,  somewhat  oily,  very  alkaline  and  caustic  liquid,  the  odor 
of  which  is  sharp,  but  somewhat  agreeable  when  dilute.  It  absorbs 
carbonic  acid  from  the  air,  darkens  and  thickens  ; is  feebly  soluble 
in  water,  and  boils  at  199°  at  760  mm.  pressure.  The  salts  are 
bitter  to  the  taste. 

The  hydrochlorid  crystallizes  in  a confused  mass  of  needles  or  in 
plates.  The  nitrate  reduces  silver  nitrate — a property  of  all  hydro- 
pyridin  bases  (Hoffmann).  The  sulphate  forms  fine  stellate  deli- 
quescent needles. 

The  platinochlorid  is  readily  precipitated  from  concentrated 
solutions  as  a canary-yellow  precipitate.  From  warm  solutions  it 
crystallizes  in  lozenge-shaped  plates  which  are  often  imbricated.  On 
boiling  with  water  it  loses  hydrochloric  acid  and  forms  (C7HuNCl)a. 
PtCl.„  which  possesses  a lighter  color,  is  more  soluble  than  the 
normal  salt,  and  crystallizes  confusedly. 

The  aurochlorid  crystallizes  in  needles  which  form  fan-  or  lozenge- 
shaped masses.  It  is  scarcely  altered  even  in  hot  water. 

The  iodoraethylate,  C7HnN.CH3I,  is  obtained  by  mixing,  in  the 
cold,  the  base  and  methyl  iodid.  The  colorless  compound  thus  ob- 
tained is  soluble  in  water  and  in  alcohol,  and  possesses  a disagree- 
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able,  somewhat  nauseating  odor.  Treated  with  potash  it  yields  a 
colorless,  aromatic,  very  alkaline  oil. 

The  base  on  oxidation  with  boiling  potassium  permanganate  yields 
an  acid,  C7H7NO.„  and  from  this  fact  the  discoverers  conclude  that 
the  base  is  a dihydro-dimethylpiridin,  CflH4(CH3)2NH. 

It  is  moderately  poisonous.  In  small  doses  it  diminishes  the  gen- 
eral sensibility  ; in  larger  doses  it  produces  trembling,  especially  of 
the  head ; profound  depression  alternating  with  periods  of  extreme 
excitement  ,*  paralysis  of  the  posterior  limbs,  and  death. 

A Base,  CaHuN,  isomeric  but  not  identical  with  aldehyde  collidin, 
was  obtained  by  Nencki  as  early  as  1876,  by  allowing  a mixture  of 
200  grams  of  pancreas  and  600  grams  of  gelatin  in  ten  liters  of 
water  to  putrefy  for  five  days  at  40°.  The  method  used  by  Nencki 
for  its  isolation  is  as  follows  : The  fluid  mass  was  distilled  with  sul- 
phuric acid,  to  drive  off  the  volatile  acids,  then  rendered  alkaline 
with  barium  hydrate,  and  again  distilled.  The  distillate  was  re- 
ceived in  dilute  hydrochloric  acid,  and  on  evaporation  gave  a crys- 
talline residue  of  ammonium  chlorid,  and  of  a salt  which  formed 
long  rhombic  plates.  The  latter  were  separated  from  the  ammonium 
salt  by  absolute  alcohol.  The  free  base  was  obtained  from  the  salt 
by  treating  it  with  sodium  hydrate,  and  extracting  the  solution  with 
ether. 

This  compound,  as  already  stated,  is  isomeric  with  collidin,  and 
also  with  O.  de  Coninck’s  base,  with  which  it  is  possibly  identical. 
The  latter,  however,  will  be  described  separately. 

On  decomposing  fibrin  by  means  of  streptococci  Emmerling  (1897) 
obtained  besides  leucin,  tyrosin  and  various  organic  acids,  methyl- 
amin,  tri-methylamin  and  a base,  CgHnN,  which  apparently  differed 
from  that  of  Nencki  and  that  of  Gautier  and  Etard  by  the  ready 
solubility  of  its  platinum  salt.  It  had  no  effect  on  guinea-pigs.  It 
formed  a syrupy  liquid,  and  gave  with  gold  chlorid  a yellow  precipitate 
which  rapidly  became  reduced.  Platinum  chlorid  gave  no  precipi- 
tate but  the  mixture  on  slow  evaporation  gave  yellowish-red  crystals 
of  the  platinochlorid.  Concentrated  solutions  gave  a picrate  which 
melted  at  172°-175°.  Owing  to  the  slight  pyridin  odor  of  the  base 
the  latter  was  regarded  as  a propyl  pyridin. 

The  free  base  is  oily  in  character,  and  possesses  a peculiar,  not 
unpleasant  odor.  It  readily  absorbs  carbonic  acid  gas  from  the  air, 
forming  after  a time  a lamellar,  crystalline  mass  of  the  carbonate. 
The  salt  of  this  base  on  heating  gives  off  an  oil  which  burns  with  a 
smoky  flame,  and  possesses  an  odor  similar  to  that  of  xylol  or  cumol. 
Nencki  was  therefore  at  first  of  the  opinion  that  the  ptomaxn  was  an 
aromatic  base,  probably  an  isophenyl-ethylamin  of  the  following 

composition:  C6H5— • He  supposed  that  it  was  formed 
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by  the  putrefaction  of  tyrosin,  according  to  the  following  equation  : 

C,HuNOs = q,HuN  -f  CO,  -f  0. 


We  know  that  tyrosin  does  split  up,  on  being  heated  to  270°,  into 
carbonic  acid  and  oxyphenyl-ethylamin,  thus  : 


C.H, 


^OH 

\CH, 


CHj.NHj.COOH  C6H4. 


c 

xjh,. 


CHj.NH, 


+ C0,. 


In  1883  Erlenmeyer  and  Lipp  observed  that  phenyl-a-amido- 
propionic  acid  (phenyl-alanin),  on  dry  distillation,  decomposed  with 
the  formation,  among  other  products,  of  a base  having  the  composi- 
tion C8HUN.  This  base  was  found  to  be  identical  with  phenyl- 
ethylamin,  C6H5.CH2.CH2.NH2,  and  in  its  properties  and  composition 
it  resembles  Nencki’s  base.  Later  (1889),  Nencki  adopted  a similar 
view  in  regard  to  the  nature  of  this  base,  and  regarded  it  as  possess- 
ing the  formula  just  given — that  is  phenyl-ethylamin.  He  con- 
sidered phenyl  amido-propionic  acid — one  of  the  three  aromatic 
nuclei  contained  in  the  albumin  molecule — as  the  source  of  this  base. 
From  the  fact  that  phenyl-a-amido-propionic  acid  is  a well-known 
putrefactive  product,  it  would  seem  that  Nencki’s  base  may  arise 
either  by  the  putrefactive  decomposition  of  that  acid,  or  by  the  hyd- 
rolytic cleavage  of  the  acid  as  a consequence  of  the  method  employed 
in  isolating  the  base.  The  latter  would  seem  to  be  the  most  prob- 
able explanation  of  the  genesis  of  this  base,  inasmuch  as  Brieger,  by 
using  his  method  for  the  isolation  of  ptomains,  was  not  able  to  ob- 
tain it  from  putrid  gelatin. 

The  platinochlorid,  (C8HuN.HCl)2PtCl4  (Pt  = 29.89  per  cent.),  is 
readily  soluble  in  hot,  and  but  slightly  soluble  in  cold  water,  and 
can  be  therefore  recrystallized  from  water.  It  forms  beautiful  flat 
needles.  On  dry  heating  it  gives  off  an  oil  which  possesses  an  odor 
resembling  very  much  that  of  xylol  or  cumol,  and  burns  with  a 
smoky  flame.  This  distinguishes  Nencki’s  base  from  collidin,  since 
the  platinochlorid  of  the  latter  does  not  show  this  behavior. 

Nencki  also  obtained  from  putrid  gelatin,  under  certain  ill-defined 
conditions,  especially  when  no  glycocoll  was  present,  a basic  product 
which  gave,  with  sulphuric  acid,  largq.  lamellar  crystals.  The  free 
base  forms  a thick  colorless  syrup,  possessing  a nauseous,  bitter  taste. 
It  did  not  become  crystalline  even  after  standing  some  time.  Unlike 
the  base  CgHuN,  it  is  not  volatile,  and  is,  therefore,  obtained  on 
evaporation  of  the  acidulated  solution  after  previous  removal  of  the 
volatile  bases  by  distillation  with  baryta. 


A Base,  C8HUN,  isomer  of  collidin  and  of  the  preceding  base, 
with  which  it  is  possibly  identical,  was  obtained  by  O.  de  Coninck 
(1888)  in  the  later  stages  of  putrefaction  of  sea-polyps  ( poulpes 
marins).  It  forms  a yellowish,  rather  mobile  liquid,  possessing  a 
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strong  benumbing  ( vireuse ) odor,  and  is  but  slightly  soluble  in  water. 
It  is  soluble  in  methyl  and  ethyl  alcohol,  ether  and  acetone.  Its 
density  is  0.9865.  When  dried  over  potash  it  boils  at  202° 
without  undergoing  decomposition.  On  exposure  to  the  air  it  be- 
comes brown,  hydrates  rapidly,  and  the  boiling  point  is  then  lowered. 
It  has  not  been  noticed  to  absorb  carbonic  acid  from  the  air.  It 
resembles  some  of  the  bases  obtained  from  Dippel’s  oil.  The  salts 
are  in  general  less  stable  than  those  of  the  pyridiu  bases,  and  in  this 
respect  it  approaches  the  dihydro-pyridin  bases. 

On  treatment  with  hydrogen  peroxid  it  yields  an  isomer  of  my- 
din,  C„HnNO.  The  simple  and  double  salts  of  this  hydroxyl  deriv- 
ative which  de  Coninck  (1899)  calls  collidone  are  decomposed  by 
boiling  water. 

The  hydrochlorid,  C8HnN.HCl,  forms  white  or  slightly  yellowish 
radiate  masses  which  are  deliquescent  and  very  soluble  in  water. 
The  hydrobromid,  CgHnN.HBr,  resembles  it  but  is  less  deliquescent 
and  a trifle  less  soluble  in  cold  water. 

The  platinochlorid,  (CgHnN.HCl)2PtCl4,  is  a dark  orange-colored 
powder  which  is  insoluble,  or  almost  so  in  cold  water,  and  is  a 
rather  stable  compound.  Boiling  water  and  water  at  80°  decom- 
pose it  into  hydrochloric  acid  and  (C8HuNCl)2PtCl2  which  is  a 
light-brown  powder,  insoluble  in  cold,  scarcely  soluble  in  hot  water. 

The  aurochlorid,  C8HuN.HC1.AuC13,  forms  a light-yellow  pre- 
cipitate. It  is  quite  stable  in  cold,  but  very  unstable  iu  hot  or  even 
warm  water.  It  cannot  be  modified  by  withdrawal  of  hydrochloric 
acid. 

The  base  forms  two  compounds  with  mercuric  chlorid.  (CgHnN. 
HCl)2HgCl2  crystallizes  in  small  white  needles,  which  are  slightly 
soluble  in  water  and  in  dilute  alcohol,  insoluble  in  absolute  alcohol, 
and  on  exposure  to  moist  air  undergo  change.  The  second  com- 
pound, 2(C8HnN.HCl).3HgCl2,  is  obtained  by  adding  an  excess  of 
concentrated  mercuric  chlorid  to  a concentrated  solution  of  the  hydro- 
chlorid. It  forms  slightly  yellow,  somewhat  longer  needles  which 
are  insoluble  in  the  principal  solvents,  and  are  likewise  changed  by 
atmospheric  humidity. 

The  iodomethylate,  C8HUN.CH3I,  is  formed  by  mixing  solu- 
tions of  the  base  and  methyl  iodid  in  absolute  ether.  It  is  deposited 
as  a network  of  line  white  needles,  which  are  but  slowly  altered  in 
the  air,  and  are  soluble  in  absolute  alcohol.  This  solution  on  the 
addition  of  a little  potash  assumes  a dark-red  color,  which  is  height- 
ened by  the  addition  of  a little  hydrochloric  or  acetic  acid,  and  de- 
stroyed by  ammonia  without  any  resultant  fluorescence.  Warmed 
with  excess  of  moist  solid  potash  it  becomes  garnet-red  in  color  and 
gives  off'  an  odor  resembling  that  of  the  dihydropyridius.  It  thus 
behaves  the  same  as  the  pyridiu  iodomethylates. 

On  oxidation  with  potassium  permanganate  it  yields  an  acid  which 
17 
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melts  at  229°-230°,  and  begins  to  sublime  at  150°.  It  presents  all 
the  characteristics  of  nicotinic  acid,  CfiH5N02,  which  is  formed  as 
the  result  of  oxidation  of  nicotin.  With  hydrochloric  acid  it  forms 
the  compound  C6H6N02.HC1.  With  copper  acetate  it  forms  a 
salt ; this  distilled  with  lime,  yields  a substance  which  on  boiling 
with  platinum  chlorid  and  water  forms  the  compound  (CSH5NC1)„. 
PtCl2.  This  same  substance  forms  an  iodomethylate,  which  in  al-  . 
coholic  solution  gives,  on  addition  of  potash,  the  characteristic  re- 
action of  pyridin  bases. 

The  base  C8HUN,  therefore,  yields  pyridin  and  nicotinic  acid. 

A Base,  C8H]3N,  was  obtained  by  Gautier  and  Etard  (1881)  from 
the  chloroform  extracts  (see  method,  page  234)  from  putrefying 
mackerel,  as  well  as  from  the  decomposing  flesh  of  the  horse  and  ox. 

It  is  regarded  by  these  authors  as  a constant  and  definite  product  of 
the  bacterial  fermentation  of  albuminoid  substances,  but  this  view  is 
hardly  justifiable,  inasmuch  as  the  base  has  not  been  found  by  other 
investigators.  It  is  accompanied  by  the  base  C^H^N^.  Nencki 
(1882)  asserted  the  identity  of  this  base  with  the  one  which  he  had 
isolated  in  1876,  and  to  which  he  had  ascribed  the  formula  C8HUN. 
On  the  other  hand,  Gautier  and  Etard  consider  their  base  to  be 
identical  with  the  hydrocollidin  obtained  by  Cahours  and  Etard  by 
the  action  of  selenium  on  nicotin. 

An  isomer  of  this  base,  hemopyrrol,  has  been  prepared  from  hemin 
and  also  from  the  chlorophyll  derivative  phyllocyanin.  On  oxida- 
tion it  yields  urobilin  (Nencki  and  Marchlewski,  Ber.  d.  d.  chem. 
Ges.,  34,  1687). 

The  free  base  is  an  alkaline,  almost  colorless,  oily  liquid,  pos- 
sessing a penetrating  odor  resembling  that  of  syringa.  It  is  volatile 
without  decomposition,  and  boils  at  about  205°,  while  hydrocollidin 
boils  at  210°.  Its  density  at  zero  is  1.0296.  When  exposed  to  the 
air  it  oxidizes  slowly,  becomes  brown  and  viscous,  and  at  the  same 
time  absorbs  carbonic  acid.  It  differs  from  a collidin  in  possessing 
a strong  reducing  action,  since  both  the  gold  and  platinum  double 
salts  become  reduced  on  heating,  and  even  in  the  cold. 

The  hydrochlorid,  C8H13N.HC1,  is  very  soluble  in  water  and  in 
alcohol,  and  usually  forms  fine  needles  resembling  snow  crystals.  It 
is  neutral  in  reaction  and  possesses  a bitter  taste.  In  the  presence 
of  an  excess  of  acid  it  reddens  and  resinifies. 

The  platinochlorid,  (C8H13N.HCl)2PtCl4  (Pt  = 29.7  per  cent.), 
is  of  a light-yellow,  flesh  color,  crystalline,  and  but  slightly  soluble. 

It  dissolves  on  warming,  and  recrystallizes  in  bent  needles. 

The  aurochlorid  is  rather  soluble,  and  becomes  slowly  reduced  in 
the  cold  ; rapidly  on  warming. 

This  isomer  of  hydrocollidin  is  strongly  poisonous.  Even  so 
small  a dose  as  0.0017  gram  of  the  hydrochlorid  produced,  when  in- 
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jected  under  the  skin  of  a bird,  marked  unsteadiness  of  gait,  followed 
hy  paralysis  of  the  extremities,  and  finally  death.  The  pupils  are 
normal  and  the  heart  stops  in  diastole.  Larger  doses  (0.007  gram) 
cause  at  first  vomiting  and  staggering,  which  soon  give  way  to  a 
condition  of  exaltation.  Toward  the  end  tetanic  convulsions  set  in, 
followed  by  almost  complete  paralysis. 

A Base,  C9H13N,  isomeric  with  parvolin,  has  been  extracted  by 
Gautier  and  Etard  (1881)  from  decomposing  mackerel  and  horse- 
flesh. The  method  employed  by  these  chemists  for  its  isolation  is 
given  ou  page  233.  The  identity  of  this  base  with  the  synthetic 
parvolin,  obtained  by  Waage  by  heating  ammonia  with  propionic 
aldehyd  in  a sealed  tube  at  200°,  cannot  be  considered  to  be  defi- 
nitely settled,  although  an  apparent  identity  exists  in  regard  to  their 
boiling  points.  Thus,  the  synthetic  parvolin  boils  at  193°-196°, 
while  Gautier  and  Etard  assign  to  their  base  a boiling-point  a little 
below  200°.  Further  investigation  is  necessary  to  decide  upon  the 
question  of  the  identity  of  this  base  with  parvolin,  or  of  the  ptomain 
C„H,,N  with  hydrocollidin. 

The  free  base  is  an  oily,  amber-colored  liquid,  possessing  the  odor 
of  hawthorn  blossoms.  It  is  slightly  soluble  in  water ; very  soluble 
in  alcohol,  in  ether,  and  in  chloroform.  Its  boiling-point,  as  stated 
above,  is  a trifle  below  200°.  Like  the  bases  C8H13N  and  C1()H13N 
it  becomes  brown  and  soon  resinifies  on  exposure  to  air. 

The  platinochlorid,  (C9H13N.HCl)2PtCl4  (Pt  = 28.65  per  cent.), 
is  slightly  soluble,  crystalline,  and  flesh  colored ; exposed  to  the  air 
it  soon  becomes  pink. 

The  aurochlorid  is  quite  soluble. 

A Base,  was  isolated  by  Guareschi  and  Mosso  (1883) 

from  ox-blood  fibrin  which  had  been  allowed  to  putrefy  for  five 
months.  In  1887  it  was  re-obtained  from  putrid  fibrin  by  Guares- 
chi, who  this  time  ascribed  to  it  the  formula  C10H,3N.  In  1886 
Oechsner  de  Coninck  found  it  among  the  basic  products  formed  in 
the  putrefaction  of  the  jelly-fish  ( poulpes  marine,  Hugounenq,  page 
21).  The  method  used  for  its  extraction  was  that  of  Gautier  and 
Etard  (see  page  233).  It  forms  a brownish  oil  of  strong  alkaline 
reaction,  which  soon  resinifies.  It  possesses  an  unpleasant,  weak 
pyridin  or  coniin  odor,  and  is  but  slightly  soluble  in  water ; soluble 
in  ether  and  in  chloroform. 

In  regard  to  the  constitution  of  this  ptomain  we  know  nothing, 
but  from  its  physical  characters  it  would  seem  to  possess  a pyridin 
nucleus.  It  is  isomeric  with  corindin,  a homologue  of  parvolin  and 
collidin,  obtained  from  coal-tar. 

For  the  behavior  of  the  hydrochlorid  to  alkaloidal  reagents,  see 
Table  T. 
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The  hydrochloric],  C10H,5N.HC1,  crystallizes  in  colorless  choles- 
terin-like  plates  which  are  somewhat  deliquescent. 

The  platinochlorid,  (C10H16N.HCl)2PtCl4  (Pt  = 27.52  per  cent.), 
forms  a light  flesh-colored,  crystalline  precipitate,  and  is  insoluble 
in  water,  alcohol  and  ether.  It  does  not  resinify,  and  is  stable  at 
100°. 

In  its  action  this  ptomain  resembles  curara,  although  it  is  by  no 
means  as  strong.  0.012  gram  of  the  free  base  produced  in  a frog 
dilatation  of  the  pupil  and  slowing  of  the  respiration.  The  nostrils 
were  motionless,  and  within  five  hours  complete  paralysis  of  the 
muscles  took  place.  The  reflex  excitability  gradually  diminished 
until  it  finally  disappeared.  An  orange-blossom  odor  was  observed 
about  the  frogs  which  were  poisoned  by  this  ptomain.  The  same 
amount  of  ptomain  injected  into  a greenfinch  produced  vomiting, 
and  a condition  of  weakness  and  decreased  sensibility,  followed  soon, 
however,  by  recovery.  A rat  was  not  affected  by  0.020  gram  of  the 
free  base.  The  hydrochloric!  acts  much  more  energetically. 

A Base,  C10H1SN,  was  isolated  by  O.  de  Coninck,  in  1886  (Hu- 
gounenq,  page  21,  C.  Rendus , 1888),  from  sea-polyps  in  an  advanced 
stage  of  putrefaction,  together  with  the  base  CgHuN.  The  method 
employed  for  its  extraction  was  that  of  Gautier  and  Etard  (see  page 
233).  Nesbitt  (1899)  obtained  a similar,  if  not  identical,  base  from 
the  intestinal  contents  of  a dog  after  previous  ligature  of  the  lower 
part  of  the  intestine.  It  was  associated  with  cholin  and  neurin.  It 
forms  a slightly  yellow,  viscous  liquid,  and  possesses  a pleasant  odor 
resembling  that  of  blooming  broom.  Its  density  is  about  1.18.  It 
boils  at  about  230°  (uncorrected),  with  initial  decomposition.  In 
water  it  is  but  slightly  soluble,  readily  so  in  ether,  alcohol,  acetone, 
and  ligroin.  It  is  rapidly  oxidized  by  the  air,  becomes  brown,  and 
resinifies  but  does  not  absorb  carbonic  acid. 

The  hydrochlorid,  C10H15N.HC1,  forms  fine  yellowish,  very  deli- 
quescent needles  which  in  the  presence  of  a trace  of  air  are  at  once 
colored  red ; if  more  air  is  present  the  red  changes  to  a brown,  and 
in  the  open  air  a resin  is  formed  the  same  as  from  the  free  base.  It 
is  very  easily  soluble. 

The  hydrobromid,  C10HlsN.IIBr,  crystallizes  in  a network  of 
fine  deliquescent  needles  which  become  likewise  red  on  exposure  to 
air.  It  is  very  soluble  in  water  ; less  so  in  strong  alcohol,  and 
almost  insoluble  in  ether. 

The  platinochlorid,  (C10HlrN.HCl)2PtCl4,  forms  a dark-red  pow- 
der which  is  insoluble  in  cold  water;  very  soluble  in  warm  water. 
It  can  be  kept  in  dry  air;  in  moist  air,  it  loses  hydrochloric  acid 
and  becomes  partially  oxidized.  Boiling  water  decomposes  it. 
(G\  H1.N.Cl).)PtCl>  forms  clear  brown  plates  which  are  stable  in 
moist  air,  and  melt  at  206°.  It  is  insoluble  in  cold  water,  soluble  in 
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boiling  water,  but  decomposes.  In  recrystallizing,  warm,  previously 
boiled  water  should  be  used. 

The  aurochlorid,  CI0H15N.HC1.AuC13,  occurs  as  a light  yellow 
precipitate  ; insoluble  in  cold  water,  soluble  in  warm  water.  It  is 
decomposed  by  boiling  water;  is  stable  when  kept  in  a moist  atmos- 
phere. 

The  iodomethylate,  C10H15N.CH3I,  in  warm  alcoholic  solution 
yields,  on  the  addition  of  strong  potash,  a bright  red  color,  which 
soon  becomes  brown,  and  in  about  an  hour  the  solution  shows  a 
greenish-blue  fluorescence.  This  rapidity  of  change  is  due  to  the 
extreme  oxidizability  of  the  ptomai'n. 

On  careful  oxidation  with  potassium  permanganate  at  ordinary 
temperature  it  yields  a solid  acid,  having  a melting-point  of  228°— 
229°,  the  same  as  that  of  the  pyridin  carbonic  acid  of  Huber  and 
Laidlin,  obtained  by  the  oxidation  of  nicotiu.  The  solubility  in 
cold  and  in  warm  water  and  in  absolute  alcohol  is  the  same  as  that 
of  nicotinic  acid.  It  begins  to  sublime  at  150°  as  pearly  spangles. 
The  formula  is  CgH5NO,.  On  distillation  with  lime  pyridin  forms. 
It  is,  therefore,  identical  with  nicotinic  acid,  an  oxidation  product 
of  nicotin  and  other  volatile  alkaloids. 

O.  de  Coninck  considers  this  base,  as  well  as  CgHuN,  as  belong- 
ing to  the  pyridin,  and  not  to  the  hydropyridin  series. 


A Base,  C10H1?N,  was  described  by  Griffiths  (1890)  as  derived 
from  cultures  on  pepton-agar  of  the  bacterium  allii,  a germ  obtained 
from  putrid  onions.  The  base  (hydrochlorid  ?)  forms  colorless,  pris- 
matic, microscopic,  very  deliquescent  needles,  which  are  soluble  in 
warm  water,  alcohol,  ether  and  chloroform.  It  gives  a hawthorn- 
like odor,  especially  when  warmed.  With  phosphomolybdic  acid  it 
yields  a white  ; with  iodin  in  potassium  iodid  and  with  tannic  acid  a 
chestnut-colored  precipitate.  Nessler’s  solution  produces  a yellow 
chestnut-colored  precipitate.  Picric  acid  throws  down  a yellow 
slightly  soluble  deposit.  The  platinochlorid,  (C10H17N.HCl)2PtCl4, 
is  yellow,  crystalline,  and  difficultly  soluble  in  cold  water  and  in 
alcohol;  soluble  in  warm  water.  Gold  chlorid  produces  a thick  yel- 
low precipitate  soluble  in  water.  Dilute  sulphuric  acid  produces  a 
violet-red  color.  The  base  is  apparently  a hydrocoridin. 

Griffiths  has  also  described,  together  with  a variety  of  other  prod- 
ucts in  physiological  chemistry,  the  basic  compounds  which  are  given 
in  the  subjoined  table.  The  method  employed  in  the  isolation  of  all 
but  few  of  these  compounds  is  that  of  Luff  (see  next  chapter  under 
urine). 


Bacillus  allii,  C10H,tN  1890. 

Scarlet-fever  urine,  Scarlatinin,  C,H,2N04  1891. 

Diphtheria  “ Diphtherin,  CuH,,Nj08  “ 

Parotitis  “ Propyl-glycocyamin,  C6H,sN302  “ 
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Glanders  urine, 
Pneumonia  “ 

Measles  “ 
Whooping  cough  urine, 
Erysipelas  “ 

Puerperal  fever  “ 

Epilepsy  “ 

Micrococcus  tetragenus, 
Bacillus  pluviatilis, 
Eczema  urine, 

Influenza  “ 

Putrid  sardines, 

Cancer  urine, 

Pleurisy  “ 

Angina  pectoris  urine, 


Glycocyamidin, 

Erysipelin, 

Puerperalin, 


Eczemin, 

Sardinia, 

Cancerin, 

Pleuricin, 


CiSHi0N,O# 

CjolI^NjOj 

c3hsn,o 

CsH,9NO, 

CnH.aNO, 

C22H19N02 

C12HtBN50T 

c6h#no2 

c9h21n,o5 

&M0° 

CuMnNO, 

c8H5ko6 

C5H50j 

C.0H.NO, 


1892. 

it 

ll 

1892. 

it 

it 

ti 

it 

a 

1893. 

it 

it 

1894. 

it 

1895. 


It  is  very  suspicious  to  find  such  a long  array  of  products,  isolated 
apparently  with  the  greatest  ease  by  a most  simple  method.  This 
is  all  the  more  remarkable  in  view  of  the  fact  that  other  skilled 
workers  have  utterly  failed  in  some  of  these  cases  to  isolate  basic 
substances.  Thus,  cultures  of  Loeffler’s  bacillus  of  diphtheria  have 
been  shown  by  Brieger  and  Friinkel  and  others  not  to  contain 
ptomains,  and  yet  Griffiths  claims  to  isolate  a base  from  the  urine  in 
the  disease,  and  also  from  the  pure  cultures  of  the  bacillus.  The 
base  is  apparently  so  abundant  that  in  1893  he  was  able  to  sacrifice 
1.5  g.  (!)  in  order  to  show  that  a disinfectant  “izal”  destroyed  its 
poisonous  properties  (!).  Again,  from  four  gallons  of  scarlet 
fever  urine  Luff  succeeded  in  obtaining  some  crystals  of  a base, 
insufficient  however,  for  analysis.  Griffiths,  however,  not  only 
isolated  it  in  sufficient  quantity,  but  had  2.5  g.  of  it  to  spare 
for  testing  the  power  of  “izal.”  Further  than  that,  he  succeeded 
in  isolating  scarlatinin  from  pure  cultures  of  the  micrococcus 
scarlatina  (!).  We  have  yet  to  learn  that  scarlet  fever  is  due 
to  a micrococcus. 

Equally  interesting  facts  appear  in  connection  with  the  base 
of  glanders,  which  was  isolated  from  the  urine  and  also  from 
pure  cultures  of  the  glanders  bacillus.  Nencki,  however,  had  10 
liters  of  a bouillon  culture  of  the  glanders  bacillus  examined  ac- 
cording to  Griffiths’s  method,  and  failed  to  obtain  a weighable 
quantity  of  a ptomai'n  (Maly’s  Jahresbericht,  1894,  24,  601).  The 
action  of  this  basic  product  of  glanders  is  remarkable,  producing 
“ an  abscess  at  the  point  of  inoculation,  nodules  in  the  lungs  and 
spleen,  and  metastatic  abscesses  in  various  organs.” 

The  description  of  these  bases  is  so  brief  and  unsatisfactory  that 
the  description  of  one  applies  almost  equally  well  to  all  the  others. 
Thus  the  bases  are  all  white,  crystalline,  and  soluble  in  water,  im- 
parting an  alkaline  reaction  in  all  but  two  or  three  cases.  All  but 
four  or  five  are  characterized  as  poisonous,  but  the  dose  employed  is 
never  given ; the  method  of  administration  is  mentioned  but  twice,  and 
the  kind  of  animal  employed  but  six  times.  All,  or  nearly  all,  form 
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crystalline  hydrochlorids,  auroclilorids,  and  platinochlorids.  Reac- 
tions are  usually  given  with  only  three  or  four  reagents.  It  will  be 
noticed  that  one  of  these  products  has  no  nitrogen  and  yet  is  men- 
tioned as  a ptomain  (!) ; further  that  the  formula  of  five  of  these 
compounds  is  not  in  accord  with  the  law  of  even  numbers.  Consid- 
ering the  amounts  of  the  bases  available  for  “ izal  ” experiments,  it 
is  proper  to  expect  accurate,  exhaustive,  thorough  work.  Chemical 
science  is  not  advanced  by  coining  names  or  establishing  formula?. 

A Base,  C32II3lN,  was  obtained  by  Del6zinier  (1889)  and  is  said 
to  be  the  alkaloid  isolated  in  1879  by  Brouardel,  which  in  its  chem- 
ical and  physiological  properties  was  described  as  similar  to  veratrin. 
It  forms  an  almost  colorless  oily  fluid,  which  possesses  a hawthorn- 
like odor.  It  is  very  readily  oxidizable  and  yields  the  veratrin-like 
reactions  only  in  the  presence  of  air.  It  is  soluble  in  alcohol,  ether, 
toluene  and  benzene;  and  forms  well-defined  salts  which  are  very 
deliquescent.  It  appears  to  be  an  amin  and  in  its  composition  dif- 
fers from  cevadin  by  9H20.  Nothing  is  stated  in  regard  to  its 
source  or  method  of  preparation.  The  analytical  results  given 
(C=  89.41,  H = 7.3,  N = 3.03)  correspond  more  to  the  formula 

CAN. 

Ethylidenediamin  (?),  C2HSN2. — This  base  was  considered  at  first 
by  Brieger  to  be  identical  with  ethylenediamin,  but  subsequent  com- 
parison showed  this  to  be  an  error.  Thus  the  former  is  poisonous 
and  does  not  form  a gold  salt,  while  the  latter  is  not  poisonous  and 
does  form  a rather  difficultly  soluble  aurochlorid.  Again,  ethylenedi- 
amin forms  a platinochlorid  which  is  almost  insoluble  in  hot  water, 
whereas  the  platinum  double  salt  of  the  ptomain  is  much  more  easily 
soluble.  Brieger,  therefore,  inclined  to  the  belief  that  it  was  iden- 
tical with  ethylidenediamin,  CH3.CH(NH2)2,  rather  than  with  ethyl- 
enediamin, which  has  the  structure  CH2.NH2.CPI2.NH2.  This 
ptomain  was  obtained  by  Brieger,  1885  (I.,  44),  from  decomposing 
haddock  (see  gadinin).  Kulneff  has  probably  met  with  this  base  in 
the  liquids  of  the  stomach  in  gastrectasis.  Carbone  has  reported  it 
in  cultures  of  the  proteus  vulgaris  with  gadinin,  trimethylamin,  and 
cholin. 

The  free  base  can  be  obtained  without  decomposition,  on  distilling 
the  hydrochlorid  with  sodium  hydrate. 

The  hydrochlorid,  C2H8N2.2HC1,  crystallizes  in  long,  glistening 
needles  which  are  readily  soluble  in  water,  insoluble  in  absolute 
alcohol.  It  gives  no  combination  with  gold  chlorid.  For  its  be- 
havior to  alkaloidal  reagents  see  Table  I. 

The  platinochlorid,  C2H8N2.2HCl.PtCl4  (Pt  = 41.49  per  cent.), 
forms  small  yellow  plates  which  are  moderately  difficultly  soluble  in 
water.  It  can  be  readily  recrystallized  from  hot  water. 
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Frogs  seem  to  be  less  susceptible  to  the  action  of  this  poison  than 
mice  or  guinea-pigs.  In  the  latter,  it  produces  a short  time  after 
injection  an  abundant  periodic  flow  of  secretion  from  the  nose,  mouth 
and  eyes.  The  pupils  dilate  and  the  eyeballs  project.  Violent 
dyspnoea  then  comes  on  and  predominates  until  the  death  of  the 
animal,  which  does  not  take  place  for  twenty-four  hours  or  more. 
The  heart  is  stopped  in  diastole. 

Pohl  (1898)  has  studied  the  effect  of  synthetic  ethylenediamin 
upon  animals.  The  subcutaneous  injection  of  1 gram  in  rabbits 
(1£  k.)  produced  no  effect  until  after  the  lapse  of  a day,  when  a 
serous  exudate  formed  at  the  point  of  inoculation.  Death  from 
parenchymatous  nephritis  followed  on  the  third  or  fourth  day. 
Larger  doses  produced  clonic  convulsions  and  paralysis  of  the  ex- 
tremities. In  dogs,  subcutaneous  injections  had  no  effect,  but  in- 
travenously the  diamin  proved  fatal. 

Trimethylenediamin  (?),  C3H10]ST2  (?),  is  a toxic  base  isolated  by 
Brieger  (1887)  from  cultures  of  the  comma  bacillus  on  beef-broth. 
It  may  be  stated  here  that  from  the  same  source,  cholera  cultures, 
Kunz  (1888)  obtained  a base  which  he  considered  to  be  identical 
with  spermin  or  ethyleneimin  (see  next  chapter).  It  is  present, 
however,  in  exceedingly  minute  quantity,  and  occurs  in  the  mercuric 
chlorid  precipitate,  from  which  it  is  obtained  by  the  following 
method  : The  precipitate  is  decomposed  by  hydrogen  sulphid,  the 

filtrate  evaporated  to  dryness,  and  the  residue  taken  up  with  abso- 
lute alcohol  and  precipitated  by  an  alcoholic  solution  of  sodium 
picrate.  The  precipitate  thus  obtained  consists  of  the  picrates  of 
cadaverin,  creatinin,  and  of  this  new  base.  It  is  boiled  with  abso- 
lute alcohol  to  remove  the  insoluble  cadaverin  picrate ; the  filtrate  is 
evaporated  to  expel  the  alcohol,  and  the  bases  then  converted  into  the 
platinum  double  salts,  whereby  the  easily  soluble  creatinin  platino- 
chlorid  can  be  separated  from  the  corresponding  less  soluble  com- 
pound of  the  new  base. 

Owing  to  the  small  quantity  of  this  substance  present,  a complete 
study  of  its  properties  has  not  as  yet  been  made.  It  gives  difficultly 
soluble  precipitates  with  gold  chlorid  and  with  platinum  chlorid  ; 
the  compound  with  the  latter  crystallizes  in  long  needles.  With 
picric  acid  it  gives  a precipitate  consisting  of  felted  needles,  which 
resemble  creatinin  picrate;  they  melt  at  198°.  Phosphomolybdic 
acid  yields  a precipitate  crystallizing  in  plates,  while  potassium  bis- 
muth iodid  gives  dark-colored  fine  needles. 

In  its  physiological  action  it  seems  to  be  identical  with  the  basic 
substance  isolated  from  choleraic  bodies  by  different  observers.  It 
causes  violent  convulsions  and  muscle-tremor.  The  action  of  the 
synthetic  base  has  also  been  studied  by  Pohl  and  apparently  it  is 
more  toxic  than  the  preceding.  The  action  of  the  heart  is  slowed 
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and  irregular;  the  pulse  is  feeble,  respiration  is  slow  and  deep  and 
marked  dyspnoea  prevails.  These  symptoms  soon  disappear  but  the 
rabbit  died  in  about  four  days  with  uraemic  symptoms.  Albumi- 
nuria was  marked. 

Besides  trimethylenediamin  another  toxin  was  obtained  by  Brieger 
from  cholera  cultures,  but  in  quantity  insufficient  for  analysis.  It 
was  obtained  from  the  mercuric  chlorid  filtrate  after  elimination  of 
methylamin,  trimethylamin,  and  traces  of  cholin  and  creatinin,  as  an 
insoluble  platinum  double  salt.  Subcutaneous  injection  of  this  base 
into  mice  produced  a paralysis-like  lethargic  condition,  slowing  of 
respiration  and  heart’s  action,  lowering  of  temperature,  and,  finally, 
death  in  twelve  to  twenty-four  hours.  In  some  cases  bloody  stools 
were  passed. 


Putrescin,  C4H]2N2 , is  a diamin  which  almost  invariably  occurs 
together  with  cadaverin  with  which  it  is  closely  related.  This  base 
was  also  discovered  by  Brieger  in  1885  (II.,  42),  who  obtained 
it  from  putrefying  human  internal  organs  (for  four  months  at  a low 
temperature  without  access  of  much  oxygen) ; and  from  the  same 
material  decomposing  at  the  ordinary  temperature  of  the  room  for 
from  three  days  to  three  weeks.  It  has  also  been  obtained  from 
herring,  twelve  days  in  spring ; from  pike,  six  days  in  summer  ; from 
haddock,  two  months  (Bocklisch).  Also  from  putrid  mussel,  sixteen 
days  (Brieger) ; and  from  human  as  well  as  horseflesh.  Brieger  like- 
wise obtained  it  from  cultures  of  the  bacteria  of  human  feces  on  gel- 
atin, and  in  small  quantity  in  rather  old  cultures  of  the  comma  bacil- 
lus on  beef-broth  ; in  larger  quantity  in  cultures  of  the  same  germ  on 
blood-serum.  Garcia  found  it  in  putrefying  meat  and  pancreas, 
together  with  cadaverin  and  hexamethylenediamin.  The  diamin 
production  at  30°  is  considerable  in  twenty-four  hours ; reaches  its 
maximum  in  three  days.  Putrescin  appears  on  the  first  day.  Roos 
found  putrescin  in  stools  of  one  case  of  cholera  and  in  two  cases  of 
diarrhoea  or  cholerin.  With  cadaverin  it  forms  in  the  sterile  auto- 
digestion of  pig’s  stomach  (Lawrow). 

Udranszky  and  Baumann  in  1888  demonstrated  the  existence  of 
putrescin  and  cadaverin  in  the  urine  of  cystinuria.  They  found  the 
total  amount  of  the  dibenzoyl  compounds  in  the  urine  in  1888  to 
vary  from  0.2-0. 4 g.  per  day.  Cadaverin  made  up  about  § of  this 
amount,  and  putrescin  J — J.  Garcia  examined  the  same  patient  in 
1892  and  obtained,  as  an  average  of  seven  days,  only  0.064  g.  of 
the  dibenzoyl-compound,  which  contained  no  cadaverin  (!),  only 
putrescin.  With  ordinary  diet  the  average  of  11  days  was  0.027  g.; 
with  cheese-diet  an  average  of  8 days  gave  0.136  g.;  while  a carbo- 
hydrate diet,  an  average  of  7 days,  gave  0.102  g.  of  the  dibenzoyl- 
compound.  In  the  feces  of  the  same  patient,  on  the  contrary, 
Udrdnszky  and  Baumann  found  in  1888  that  putrescin  constituted 
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by  far  the  greater  quantity,  while  cadaverin  formed  but  10  to  15 
per  cent.  Garcia,  in  1892,  showed  in  the  same  patient  the  presence 
of  only  putrescin  in  the  feces,  no  cadaverin.  The  feces  contained  on 
ordinary  diet,  an  average  of  11  days,  1.123  g.;  on  cheese-diet,  aver- 
age of  8 days,  1.3978  g .;  on  carbohydrate  diet,  average  of  7 days, 
0.741  g.  of  the  dibenzoyl  compound.  Borissow,  in  1894,  again  ex- 
amined the  feces  of  the  same  patient,  and  found  as  an  average  of 
four  days  2.062  g.  of  the  dibenzoyl-compounds,  which  contained 
only  traces  of  cadaverin.  It  would  seem  that  diet  and  the  in- 
tensity of  intestinal  decomposition  influence  the  amount  of  excretion 
of  diamins.  The  administration  of  salol  and  sulphur  (Mester), 
or  intestinal  lavage  (U.  and  B.),  had  no  effect  on  diamin  excretion. 
Normal  feces,  as  well  as  the  feces  in  various  diseases,  with  the  pos- 
sible exception  of  cholera  stools,  are  free  from  diamins.  It  would 
seem,  therefore,  that  these  bases  occur  in  cystinuria  as  the  result  of 
putrefactive  changes  going  on  in  the  intestines ; becoming  partly 
absorbed  they  appear  in  the  urine  (see  p.  269).  In  two  cases  of 
cystinuria,  reported  by  Brieger  and  Stadthagen,  cadaverin  was 
found  almost  solely  present  in  the  urine. 

According  to  Mester,  the  diamins  are  proportionate  to  the  amount 
of  cystin  excreted,  and  therefore  constitute  a fixed  symptom,  the 
cause  of  which  is  the  same  as  that  of  the  cystinuria. 

Although  putrescin  is  recognizable  on  about  the  fourth  day  of  the 
putrefaction,  yet  it  does  not  occur  in  appreciable  quantity  until 
about  the  eleventh  day.  The  amount  that  is  formed  increases  as  the 
putrefaction  goes  on,  so  that  a considerable  quantity  may  be  obtained 
after  two  or  three  weeks.  A very  good  source  for  the  preparation 
of  putrescin,  cadaverin,  and  neuridin  is  gelatin  which  has  been  al- 
lowed to  decompose  in  contact  with  water  for  some  weeks.  Neuridin 
is,  apparently,  formed  first,  but  is  soon  replaced  by  the  former  two 
bases.  In  the  process  of  extraction  it  is  first  obtained  in  the  alco- 
holic mercuric  chlorid  precipitate.  For  its  separation  from  cadaverin 
and  other  accompanying  bases,  see  saprin,  p.  278. 

From  the  urine  of  cystinuria  it  is  best  obtained  by  precipitation 
with  benzoyl  chlorid  (Baumann’s  method).  For  this  purpose  about 
1,500  c.c.  of  urine  are  treated  with  200  c.c.  of  sodium  hydrate  solu- 
tion (10  per  cent.),  then  20  to  25  c.c.  of  benzoyl  chlorid  are  added, 
and  the  whole  shaken  till  the  odor  of  the  latter  disappears.  The 
yellowish-white  precipitate  which  forms  may  consist  of  insoluble 
phosphates,  carbohydrates,  polyatomic  alcohols,  and  diamins.  The 
cystin  compound  is  precipitated  only  in  concentrated  solutions.  The 
precipitate  contains  from  a half  to  two-thirds  of  the  diamins  present ; 
it  is  filtered  off,  digested  with  warm  alcohol,  and  the  solution 
filtered.  The  alcoholic  filtrate  is  concentrated  and  then  poured  into 
about  thirty  times  its  volume  of  cold  water.  The  diamin  compounds 
then  crystallize  out.  To  separate  the  two  diamins  they  are  redis- 
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solved  in  just  sufficient  warm  alcohol  to  effect  solution,  and  this  is 
then  poured  into  about  twenty  times  its  volume  of  ether.  The 
putrescin  benzoyl  compound  is  thus  thrown  out  of*  solution.  The 
filtrate  from  this,  on  concentration,  yields  the  cadaverin  compound. 
To  isolate  that  portion  of  the  diamins  which  remains  in  the  original 
filtrate  with  benzoyl-cystin,  it  is  acidulated  with  sulphuric  acid  and 
extracted  with  ether.  The  residue  obtained  on  evaporating  the 
ethereal  solution  is  first  neutralized  with  a 12  per  cent,  sodium 
hydrate  solution,  then  mixed  with  three  to  four  times  its  volume  of 
the  same  solution.  The  precipitate  which  forms  consists  of  the 
sodium  compounds  of  benzoyl-cystin  and  the  diamins.  It  is  washed 
with  sodium  hydrate,  and  the  two  compounds  separated  by  their 
different  solubilities  in  water — the  cystin  compound  is  readily 
soluble,  that  of  the  diamins  insoluble.  To  purify  the  benzoyl- 
diamius  they  are  dissolved  in  warm  alcohol  and  precipitated  with 
excess  of  water. 

Putrescin  (from  putrescere,  to  rot,  to  putrefy)  is  a water-clear,  rather 
thin  liquid  which  fumes  in  the  air  and  has  a peculiar  semen-like 
odor,  almost  undistinguishable  from  that  of  cadaverin  and  remind- 
ing one  somewhat  of  the  pyridin  bases.  It  absorbs  carbonic  acid 
energetically  from  the  air,  without  losing  thereby  the  repulsive  odor. 
The  boiling  point  of  the  free  base,  as  ordinarily  obtained,  is  about 
135°.  It  is  not  decomposed  by  distillation  with  potassium  hydrate, 
and  is  rather  difficultly  volatile  with  steam.  With  acids  it  forms 
beautiful  crystalline  salts.  Putrescin  unites  with  water,  like  ethyl- 
enediamin,  to  form  a hydrate,  and  this  water  can  only  be  removed 
by  distillation  over  metallic  sodium.  The  perfectly  anhydrous  base 
boils  at  156°— 157°,  and  then  solidifies  to  plates  (Brieger),  which 
melt  at  24°  (Udrdnszky  and  Baumann).  The  synthetic  base  boils 
at  158°— 160°,  and  melts  at  23°-24°  (Ladenburg).  Like  cadaverin 
it  is  difficultly  soluble  in  ether. 

The  constitution  of  putrescin  has  been  determined  by  Udrdnszky 
and  Baumann  (1888).  They  showed  that  the  dibenzoyl  compound 
of  putrescin  was  identical  with  that  of  the  synthetic  tetramethylene 
diamin  and  of  the  base  which  they  found  in  the  urine  of  cystinuria. 

Putrescin,  therefore,  is  tetramethylenediamin,  a homologue  of 
cadaverin,  and  its  rational  formula  is  : 

NH,.  CH,.  CH,.  CH,.  CH,.  NH,. 

The  same  authors  ( Zeitschr . /.  physiol.  Chem.,  13,  591)  pointed 
out  that  diamins  might  possibly  occur  in  putrefaction  as  the  result 
of  oxidation  of  monamius.  Thus,  putrescin  might  arise  from  methyl- 
amin  according  to  the  equation  : 

CHj.CHj.NII,  CH,.CH,.NH, 

+ 0=  I + H,0. 

CH,.CH,.NH,  CH,.CH,  NH, 
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In  a similar  manner  cadaverin  might  form  from  ethyl  and  pro- 
pylamin.  It  is  well  known  that  in  the  decomposition  of  proteids 
in  the  presence  of  carbohydrates  no  aromatic  compounds,  as  indol, 
phenol,  ty rosin,  etc.,  form.  With  reference  to  the  formation  of 
diamins  Garcia  has  shown  that,  in  the  presence  of  cane  sugar,  putre- 
fying meat  and  pancreas  yield  from  one-half  to  less  then  one-tenth 
as  much  diamins  as  when  no  sugar  is  present.  A similar  decrease 
of  diamins  in  cystinuria  is  observed  (page  265)  when  the  patient  is 
placed  on  a carbohydrate  diet. 

The  researches  of  Ellinger  (1898),  however,  have  definitely  estab- 
lished the  source  of  putrescin  and  of  its  homologue  cadaverin.  All 
proteids  contain  the  hexon  base  arginin  which  on  heating  with  baryta 
yields  urea  and  ornithin  (which  see).  On  subjecting  the  latter, 
which  is  di-amido  valerianic  acid,  to  putrefaction  Ellinger  obtained 
putrescin.  In  like  manner  lysin,  another  hexon  base,  yielded  cada- 
verin. These  two  ptomai'ns,  therefore,  result  from  the  cleavage  of  the 
di-amino  acids  which  exist  preformed  in  the  proteid  molecule.  The 
fact  that  gelatin  yields  over  10  per  cent,  of  these  acids  explains  the 
abundant  yield  of  putrescin  and  cadaverin  in  the  putrefaction  of 
this  material. 

The  relation  of  diamins  to  cystinuria  has  until  recently  been 
scarcely  understood.  Baumann  and  Udriinszky,  accepting  the  intes- 
tinal origin  of  the  diamins,  supposed  that  these  bases  entered  into 
combination  with  cystin,  protecting  it  against  oxidation.  When  fed 
to  dogs,  however,  the  diamins  are  in  part  excreted  as  such,  but  no 
cystin  appears.  Again,  cystin  is  not  present  in  the  feces  of  cysti- 
nuria. Werigo  considered  cadaverin  as  a normal  product  of  pan- 
creatic digestion.  Garcia  has  shown  that  in  meat  and  pancreas 
putrefaction  diamin  formation  begins  on  the  first  day,  and  reaches 
its  maximum  on  the  third  day.  Furthermore,  meat  and  pancreas 
flasks  inoculated  with  the  feces  of  a cystinuric  patient  produced  an 
increased  formation  of  diamins,  thus  apparently  confirming  the  view 
that  diaminuria  is  the  result  of  the  activity  of  certain  bacteria  in  the 
intestines. 

It  is  possible  that  in  diaminuria  some  other  product  is  formed, 
which,  when  absorbed,  combines  with  cystin  and  protects  it  against 
oxidation,  so  that  it  appears  in  the  urine.  Diaminuria  and  cystinu- 
ria certainly  go  hand  in  hand.  Garcia  endeavors  to  account  for  the 
presence  of  diamins  in  cystinuria  by  the  supposition  that  cystin,  the 
normal  product  of  the  body,  can  undergo  reduction  and  yield  putrescin 
under  the  influence  of  special  intestinal  bacteria.  Cystin,  however, 
is  not  present  in  feces  in  cystinuria,  and  when  fed  to  dogs  it  merely 
serves  to  increase  the  amount  of  sulphuric  acid  eliminated.  Moreover, 
the  formula  of  cystin  hardly  permits  of  the  derivation  of  diamins. 

With  reference  to  cystin  it  may  be  well  to  note  that  until  recently 
it  has  been  met  with,  outside  of  cystinuria,  only  in  a drunkard’s 
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liver  (Scherer);  in  beef  kidneys  (Cloetta);  in  decomposing  pancreas 
(Kiilz);  in  the  liver  of  a horse  and  a dolphin  (Dresehel),  and  in  a 
tyrosin  preparation  from  horn  (Emmerling).  The  studies  of  Baumann 
and  of  Dresehel  led  these  investigators  to  regard  cystin  as  a normal 
intermediate  waste- product,  but  no  definite  evidence  of  this  was 
brought  out  until  Morner  (1899)  succeeded  for  the  first  time  in  pre- 
paring cystin  by  the  hydrolysis  of  horn  (6.8  per  cent.),  egg-mem- 
brane (6  per  cent.),  and  human  hair  (12.6  per  cent.).  Embden 
(1901)  obtained  it  in  like  manner  from  serum  and  egg-albumin. 
Moreover,  both  confirmed  Kulz’s  observation  as  to  the  formation  of 
cystin  in  tryptic  digestion.  Apparently  all  proteids  which  contain 
sulphur  in  a form  which  can  easily  be  split  off  contain  the  cystin 
group.  This  fact,  considered  in  connection  with  the  now  known 
source  of  the  diamins,  renders  it  evident  that  cystinuria  is  due  to  a 
condition  of  abnormal  tissue  metabolism  rather  than  to  a peculiar 
intestinal  decomposition.  The  presence  of  diamins  in  the  intestine 
is  probably  due  to  an  elimination. 

Putrescin  can  be  prepared  synthetically,  according  to  Ladenburg’s 
method,  by  converting  ethylene  bromid  into  the  cyanid  and  then 
reducing  this  by  means  of  sodium  in  absolute  alcohol.  It  is  an 
isomer  of  Angelas  dimethylethylenediamin. 

On  heating  the  concentrated  aqueous  solution  of  the  hydrochlorid 
with  potassium  nitrite  there  is  produced  an  oil,  soluble  in  water, 
from  which  it  can  be  extracted  with  ether.  This  oil,  on  treatment 
with  phenol  and  sulphuric  acid,  gives  Liebermann’s  nitroso-reaction, 
which  would  seem  to  show  that  putrescin  is  not  a primary’  diamin 
(butylenediamin),  but  is  rather  a secondary  diamin  (Brieger,  II.,  42). 
As  a primary  diamin  it  should  take  up,  on  repeated  treatment  with 
methyl  iodid,  six  methyl  radicals ; whereas,  if  it  is  a secondary  dia- 
min, only  four  methyl  radicals  can  enter  the  molecule.  Thus,  to 
illustrate,  methy  lamin,  CHrNH„  (a  primary  amin),  combines  with 
three  molecules  of  methyl  iodid  to  form  (CH3)4N.HI.  Similarly, 
dimethylamin,  (OH3)2.NH,  requires  only  two  molecules  to  form 
(CH3)4N.HI.  In  the  case  of  diamins,  double  this  number  of  methyl 
groups  is  required  to  effect  complete  saturation.  As  a matter  of  fact, 
Brieger  (III.,  101),  on  treating  putrescin  with  methyl  iodid,  suc- 
ceeded in  introducing  four,  and  only  four,  methyl  radicals.  From 
this,  however,  it  does  not  follow  that  putrescin  is  not  a primary  amin, 
since  cadaverin,  an  unquestioned  primary  diamin,  yields  a substitu- 
tion compound  containing  only  two  methyl  groups  (see  p.  274). 

The  tetra-methyl  substitution  product  of  putrescin,  C4H8(CH3)4N2, 
can  be  distilled  without  decomposition.  The  free  base  crystallizes 
in  long  prisms.  The  hydrochlorid  forms  small  needles  which  are 
easily  soluble  ; with  phos p ho t ungsti c acid  it  gives  a white  crystalline 
precipitate,  with  phosphomolybdic  acid  a yellow  crystalline  precip- 
itate, with  picric  acid  needles.  Potassium  bismuth  iodid  gives  a 


270 


CHEMISTRY  OF  THE  PTOMAINS. 


brownish-red  amorphous  deposit,  while  the  potassium  mercuric  iodid 
forms  prisms.  Gold  chlorid  yields  difficultly,  and  platinum  chlorid 
easily  soluble  octahedra ; aqueous  mercuric  chlorid  forms  needles. 
The  auroehlorid  has  the  formula  CgH22N0.AuCl4. 

This  tetra-methyl  derivative  of  putrescin  is  enormously  poisonous 
as  compared  with  putrescin.  The  symptoms  are  the  same  as  those 
produced  by  musearin  or  neurin.  They  are  : abundant  salivation  ; 
dyspnoea — respiration  at  first  increases,  then  decreases  ; contraction  of 
the  pupils  ; paralysis  of  the  muscles  of  the  limbs  and  trunk  ; increased 
peristaltic  action  of  the  intestines,  ejaculation  of  semen,  dribbling  of 
urine,  and  finally  violent  clonic  convulsions.  In  the  case  of  mice 
and  guinea-pigs  the  convulsions  are  prominent  immediately  after  the 
injection  of  the  poison. 

Putrescin  hydrochlorid,  C4H12N2.2HC1,  forms  long  colorless  need- 
les, which  are  very  easily  soluble  in  water ; difficultly  so  in  dilute 
alcohol ; entirely  insoluble  in  absolute  alcohol,  and  can  thus  be  sep- 
arated from  cadaverin  hydrochlorid.  To  accomplish  this  separation 
it  is,  perhaps,  better  to  dissolve  the  mixture  of  the  hydrochlorids  in 
hot  96  per  cent,  alcohol.  On  cooling  the  solution  thus  obtained  the 
putrescin  salt  crystallizes  out,  whereas  that  of  cadaverin  remains  in 
solution.  Putrescin  hydrochlorid  differs  from  cadaverin  hydro- 
chlorid in  that  it  is  not  hygroscopic  and  can  be  exposed  for  days  to 
the  air  without  showing  any  change  on  the  surface  of  the  crystals. 

For  the  behavior  of  the  free  base  and  the  hydrochlorid  to  alka- 
loidal  reagents  see  Table  I.  Putrescin  is  not  toxic,  though  it  pos- 
sesses some  marked  physiological  properties  (see  cadaverin,  page  273). 
According  to  Scheurlen,  putrescin,  like  cadaverin,  produces  inflam- 
mation, suppuration  and  necrosis.  It  is  not  poisonous  to  dogs 
(Udr&nszky  and  Baumann).  It  is  optically  inactive. 

The  platinochlorid,  C4H12Na.2HCl.PtCl4  (Pt  = 39.16  per  cent.), 
often  appears  under  the  microscope  in  the  form  of  cholesterin-like 
plates.  In  the  pure  condition  it  appears  as  six-sided  plates,  which  are 
superposed  in  layers.  The  crystals  possess  a splendid  silvery  luster, 
and  are  rather  difficultly  soluble  in  cold  water ; less  so  in  hot  water. 

The  auroehlorid,  C4H12N2.2HC1.2AuC13  -f  2H20,  crystallizes  like- 
wise in  plates,  which  are  difficultly  soluble  in  cold  water.  It 
can,  therefore,  be  readily  separated  from  cadaverin  auroehlorid, 
which  is  easily  soluble  in  water.  The  water  of  crystallization  can 
be  driven  off  completely  only  at  110°  (Brieger).  According  to 
Bocklisch,  it  loses  this  water  on  standing  over  sulphuric  acid,  or  on 
heating  at  100°. 

The  picrate,  C4H12N2.2C6H2(N02)30H,  is  difficultly  soluble,  and 
crystallizes  from  a hot  aqueous  solution  in  needles  ; from  hot  aque- 
ous alcohol,  on  cooling,  in  yellow  plates.  It  begins  to  brow*  at 
230°,  and  on  further  heating  becomes  darker,  till  finally,  at  250°,  it 
decomposes  with  rapid  evolution  of  gas  (Bocklisch). 
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The  carbonate  is  crystalline. 

The  mercury  double  salt  is  easily  soluble  in  a large  quantity  of 
water,  and  can  thus  be  separated  from  the  cadaverin  salt,  which  is 
difficultly  soluble.  From  hot  concentrated  aqueous  solution  it  crys- 
tallizes in  needles. 

The  dibenzoyl-putresciu,  C4H8(NIICOC6H5)2,  forms  silky  plates 
or  long  needles,  which  are  more  difficultly  soluble  in  hot  alcohol  than 
those  of  the  cadaverin  compound.  From  this  solution  it  is  repre- 
cipitated by  addition  of  water  or  ether.  Its  melting-point  is  175°. 
It  sublimes  without  decomposition. 

Cadaverin,  CSHUN2,  is  a diamin  isomeric  with  saprin  and  neu- 
ridin,  and,  like  the  latter,  it  occurs  very  frequently  in  decomposing 
animal  tissues.  Twelve  isomers  of  this  composition  are  possible. 
Another  isomer,  gerontin  (see  next  chapter),  has  been  described  by 
Grandis  (1890).  It  is  a very  striking  fact  that  in  ordinary  putre- 
faction as  cholin  disappears  the  diamins  appear  and  increase  in 
quantity  according  as  the  time  of  putrefaction  is  extended.  It  is 
also  worthy  of  note  that  cadaverin  appears  in  putrefaction  before 
putrescin.  It  has  been  obtained  by  Brieger  (1885)  from  human 
lungs,  hearts,  livers,  etc.  (hence  the  name),  which  were  allowed  to 
putrefy  at  the  ordinary  temperature  for  three  days ; from  the  same 
organs,  and  from  horseflesh,  after  four  months  in  a closed  vessel  at 
— 9°  to  + 5°  ; from  horseflesh  after  four  months  at  15°,  together 
with  cholin,  and  probably  muscarin  (Gulewitsch) ; from  putrid  mus- 
sel after  sixteen  days ; from  putrid  egg  and  blood-albumin.  It 
seems  to  be  a constant  product  of  the  growth  of  the  comma  bacillus, 
irrespective  of  the  soil  on  which  it  is  cultivated. 

Bocklisch  has  isolated  it  from  perch  and  pike,  six  days  in  mid- 
summer ; from  herring,  twelve  days  in  spring  ; from  haddock,  two 
months  at  a low  temperature ; from  cultivations  of  Finkler  and  Prior’s 
vibrio  proteus  on  beef-broth,  thirty  to  thirty-five  days  at  37°  to  38° 
(Ber.chem.  Ges.,  20,  1441).  Cadaverin  seems  to  be  a constant  prod- 
uct of  the  activity  of  the  genus  vibrio,  and  it  does  not  usually  occur 
in  cultures  in  which  this  genus  is  absent.  Thus,  it  is  not  present  in 
the  excrements  of  healthy  or  typhoid  patients,  although  Jakowski  did 
find  it  in  the  intestinal  contents  in  a case  of  fistula.  It  Inis  not  been 
obtained  from  cultures  of  Emmerich’s  bacillus,  of  Eberth’s  bacillus, 
and  of  the  pyogenic  bacteria.  It  occurs  in  cultures  of  the  bacillus 
of  hog  cholera  (Schweinitz) ; and  of  the  bacillus  piscicidus  agilis 
(Sieber).  Oechsner  de  Coninck  has  found  it  in  putrid  jelly-fish 
(Hugounenq).  It  is  present  with  putrescin  in  the  urine  and  feces  of 
cystinuria  (Udr6nszky  and  Baumann  (1888),  see  page  265).  The 
odor  of  cholera  stools  and  the  breath  of  cholera  patients  may  be  pos- 
sibly due  to  cadaverin,  although  Roos  has  not  been  able  to  obtain 
diamins  from  the  rice-water  discharges  of  cholera.  In  one  of  four 
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cases  a small  amount  of  a dibeuzoyl-compound,  crystallizing  in  small 
white  plates  and  needles,  and  melting  at  175°-177°,  was  obtained. 
This  corresponds  with  the  putrescin  compound.  No  diamins  were 
found  in  two  cholera-urines.  It  would,  therefore,  seem  that  in 
Asiatic  cholera  diamins  are  not  usually  found  in  the  feces,  and  since 
they  are  present  in  the  feces  and  urine  of  cystinuria  without  bad  re- 
sults, it  is  evident  that  they  cannot  exercise  any  great  action  as  in- 
testinal poisons  in  cholera. 

In  a diarrhoea,  where  a coliform  bacillus  was  present,  Roos  found 
both  cadaverin  and  putrescin  in  the  discharges,  but  not  in  the  urine 
of  one  case.  In  another  case  cadaverin  was  likewise  probably 
present.  Werigo  has  reported  cadaverin  from  the  intestinal  con- 
tents of  a woman  with  intestinal  fistula.  He  would  consider  cadav- 
erin as  a normal  product  of  pancreatic  digestion. 

Brieger  was  the  first  to  show  that  diamins  were  absent  from 
normal  feces.  Baumann  and  Udranszky  confirmed  this  observation 
with  reference  to  man  and  the  dog.  The  discharges  of  various 
diseases  gave  negative  results  except  in  typhoid  stools,  where  a 
very  small  amount  of  dibenzoyl  compounds,  melting  at  140°,  was 
found.  Roos,  in  1891,  was  able  to  find  but  two  cases  with  diamins 
in  the  feces.  In  one  case  of  dysentery  and  malaria  of  tropical  origin 
cadaverin  was  found,  and  in  a case  of  cholerine  putrescin  was  de- 
tected. It  has  also  been  obtained  from  caviar.  Lobisch  and  Roki- 
tansky have  reported  it  in  bronchiectasic  sputum.  Werigo  has 
obtained  it  from  pancreas  extracts  before  putrefaction  has  set  in, 
while  Garcia  isolated  it  from  putrefying  meat  and  pancreas  together 
with  putrescin  and  hexamethylenediamin. 

At  least  one  definite  source  of  cadaverin  is  known  and  that  is 
the  hexon  base  lysin  (which  see).  By  allowing  lysin  or  di-amido 
caproic  acid  to  putrefy  Ellinger  (1900)  obtained  cadaverin.  The 
presence  of  the  lysin  group  in  the  proteid  molecule  is  therefore  nec- 
essary to  the  formation  of  this  diamin.  Thus,  while  lysin  forms  in 
sterile  auto-digestion  of  the  pancreas,  in  putrefaction  of  the  latter 
cadaverin  results. 

Cadaverin  occurs  in  the  mercuric  chlorid  precipitate,  from  which 
it  is  isolated  according  to  the  methods  given  on  pages  266  and  278. 
For  its  isolation  and  separation  from  putrescin  by  the  use  of  benzoyl 
chlorid,  see  page  266. 

This  base  was  at  first  ascribed  the  formula  C,H16N2,  but  subsequent 
researches  led  Brieger  and  Bocklisch  to  the  adoption  of  the  formula 
CsHuN2.  In  1883,  Ladenburg  prepared,  as  the  first  step  in  the  syn- 
thesis of  piperidin,  a base,  pentamethylenediamin,  possessing  the  same 
empirical  formula  as  cadaverin,  and  later  (Ber.  chem.  Ges.,  18,  2956) 
he  showed  the  possibility  of  the  identity  of  these  two  bases.  This  led 
to  their  direct  comparison  and  the  successful  establishment  of  their 
identity.  In  fact,  Ladenburg,  as  a crucial  test  of  the  identity,  con- 
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verted  cadaverin  into  piperidin,  and  found  the  latter  base  to  agree 
entirely  in  its  chemical  and  physical  properties  with  those  of  the 
natural  alkaloid  (Her.,  19,  2586).  Ladenburg,  however,  observed 
one  apparent  difference  between  cadaverin  and  pentamethylenedi- 
arnin,  and  that  was  in  the  composition  of  the  mercury  double  salts. 
That  of  the  former  base,  whether  obtained  from  alcoholic  or  aqueous 
solution  (Bocklisch,  Ber.,  20,  1441),  was  found  to  combine  with  four 
molecules  of  mercuric  chlorid;  whereas  the  double  salt  of  penta- 
methylenediamin  was  found  by  Ladenburg  to  contain  only  three 
molecules  of  mercuric  chlorid.  Subsequently  he  found  that  he  had 
prepared  this  salt  by  mixing  the  aqueous  solutions  of  the  liydro- 
chlorid  of  the  base  and  of  the  mercuric  chlorid  in  the  molecular  ratio 
of  1 to  4,  and  on  using  a larger  excess  of  mercuric  chlorid  he  ob- 
tained a salt  containing  four  molecules  of  mercuric  chlorid  (Ber.,  20, 
2216).  The  complete  identity  of  these  two  bases  has,  therefore,  been 
established.  The  constitutional  formula  of  cadaverin  is,  therefore  : 

NH2  — CHj  — CHj  — CIIj  — CHj  — CH2  — N II2  • 

Cadaverin  can  be  prepared  synthetically  according  to  Ladenburg’ s 
method.  For  this  purpose  trimethylene  bromid  is  converted  into 
the  cyanid,  and  this  is  then  reduced  by  sodium  in  absolute  alcohol. 

Cadaverin  forms  a somewhat  thick,  water-clear,  syrupy  liquid, 
which  possesses  an  exceedingly  unpleasant  odor,  resembling  some- 
what that  of  conii'n  (piperidin)  and  of  semen.  When  dehydrated 
with  potassium  hydrate  it  boils  at  115°— 120°  (Brieger).  It  boils 
at  175°  (Brieger,  III.,  98),  and  fumes  in  the  air.  The  base  eagerly 
absorbs  carbonic  acid  from  the  air,  and  solidifies  into  a crystalline 
mass,  the  carbonate.  It  is  volatile  with  steam,  and  can  be  distilled, 
without  decomposition,  even  in  presence  of  sodium  or  barium  hydrate 
or  soda-lime.  Neuridin,  its  isomer,  decomposes  under  these  circum- 
stances. When  heated  with  alcoholic  potash  and  chloroform  it  does 
not  give  the  isonitril  reaction,  nor  does  it  give  the  characteristic  odor 
of  oil  of  mustard  on  treatment  with  carbon  disulphid  and  mercuric 
chlorid.  The  absence  of  these  reactions  at  first  induced  Brieger  to 
conclude  that  cadaverin  and  putrescin  were  not  primary  arnins,  but 
Ladenburg  (1885)  showed  that  this  conclusion  was  not  justifiable. 
These  two  reactions  are  given  by  primary  monamins,  but  in  this  case 
they  are  not  given  by  cadaverin,  a primary  diamin.  It  is  probable 
that  this  behavior  holds  true  for  all  diamins. 

Cadaverin  is,  undoubtedly,  identical  with  the  so-called  “ animal 
conii'n,”  which  has  been  isolated  at  various  times  from  cadavers. 

Cadaverin  and  putrescin  were  at  first  regarded  as  physiologically 
indifferent,  but  more  recent  investigations  by  Scheurlen,  Grawitz, 
and  others,  show  that  both  these  bases  are  capable  of  producing  strong 
inflammation  and  necrosis.  According  to  Behring,  in  large  doses  it 
is  poisonous  to  mice,  rabbits,  and  guinea-pigs  ; it  is  not  poisonous  to 
18 
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dogs  (Udr&nszky  and  Baumann).  The  synthetic  putrescin  accord- 
ing to  Pohl  produces  marked  dyspnoea  in  rabbits  ; larger  doses  (0.4  g.) 
cause  persistent  tonic  convulsions  and  paralyses  of  the  extremities. 
Cadaverin  is  one  of  those  substances  which  can  set  up  suppuration 
in  the  absence  of  bacteria.  In  cholera  Asiatica  the  necrosis  of  the 
intestinal  epithelium  is  quite  common,  and  it  would  seem  that  this 
pathological  change,  as  well  as  the  muscular  spasms  and  algidity, 
are  due  to  the  presence  of  these  bases.  It  should  be  noted,  however, 
that  Udrdnszky  and  Baumann  failed  to  obtain  any  sign  of  intestinal 
irritation  on  feeding  dogs  enormous  doses  of  cadaverin  ; and,  more- 
over, Roos  (page  271)  failed  to  find  these  bases  in  the  feces  of  chol- 
era. Besides  these  local  effects,  they  prevent,  even  in  small  quan- 
tity, the  coagulation  of  blood,  and  render  it  “laky.”  According  to 
Grawitz,  cadaverin  seems  to  hinder  the  growth  of  bacteria.  The 
cystitis  observed  in  cystinuria  may  possibly  be  due  to  the  presence 
of  cadaverin  and  putrescin  in  the  urine.  Both  bases  are  optically 
inactive. 

When  cadaverin  is  treated  with  methyl  iodid,  a base  is  obtained 
the  hydrochlorid  of  which  gives  with  platinum  chlorid  a double  salt, 
having  the  composition,  C6H]2(CH3)2N2.2HCl.PtCl4.  This  new 
base,  therefore,  is  cadaverin  in  which  two  atoms  of  hydrogen  have 
been  replaced  by  two  methyl  radicals.  The  platinochlorid  of  this 
derivative  forms  long,  clear  red  needles,  which,  unlike  those  of  ca- 
daverin, do  not  change  their  shape  on  repeated  recrystallization.  It 
is  moderately  difficultly  soluble  in  water  (Brieger,  II.,  41).  Since 
cadaverin  is  a primary  diamin  it  should  combine  with  six  molecules 
of  methyl  iodid  to  form  a saturated  compound.  This,  however,  has 
not  been  obtained. 

The  hydrochlorid,  C5HUN2.2HC1,  crystallizes  in  beautiful,  long 
deliquescent  needles  (Brieger).  According  to  Bocklisch  it  forms 
long,  colorless  needles  or  prisms  ; crystallizes  from  alcohol  in  plates, 
and  is  not  deliquescent  except  on  long  standing.  From  95  per 
cent,  alcohol  it  crystallizes  in  short,  pointed  stellate  prisms,  which 
are  not  deliquescent  (Gulewitsch).  On  evaporation  of  an  aqueous 
solution  it  forms  very  long  prismatic  crystals.  It  shows  no  circum- 
polarization.  It  possesses  a slight  bitter  taste  (Gulewitsch).  It  is 
soluble  in  water,  alcohol,  alcohol-ether ; but  is  insoluble  in  absolute 
alcohol,  ether,  etc.  It  can  readily  be  separated  from  putrescin  hy- 
drochlorid by  its  solubility  in  96  per  cent,  alcohol  (Bocklisch). 
The  strictly  pure  base,  as  well  as  the  hydrochlorid,  does  not  give  a 
blue  color  with  ferric  chlorid  and  potassium  ferricyanid.  For  reac- 
tions of  the  hydrochlorid  and  of  the  free  base,  see  Table  I. 

Cadaverin  hydrochlorid  on  dry  distillation  decomposes  into  NHS, 
HC1,  and  piperidin,  C5H„N.  The  latter  is  a well-known  poisonous 
alkaloid  which  exists  in  the  combined  state  in  black  pepper.  It  is 
not  known  whether  this  change,  whereby  the  non-poisouous  cadav- 
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eriu  is  converted  into  a toxic  base,  can  take  place  under  the  influence 
of  bacteria  during  the  process  of  putrefaction,  or  not.  However,  it 
does  not  seem  improbable  that  this  simple  chemical  change  should 
be  effected  through  the  action  of  living  organisms ; for  Schmidt  has 
already  shown  that  the  almost  physiologically  indifferent  cholin, 
when  subjected  to  the  action  of  the  bacteria  of  hay-infusion,  decom- 
poses into  a neurin-like  base  possessing  a muscarin-like  action,  and 
under  certain  conditions  it  yields  a base  which  in  its  action  resembles 
pilocarpin. 

The  sulphate  likewise  forms  beautiful,  well-formed  needles,  and  in 
its  solubility  corresponds  to  the  hydrochlorid. 

The  platinochlorid,  C5HuN2.2HCl.PtCl4  (Pt  = 38.08  per  cent.), 
crystallizes  after  some  time,  on  the  addition  of  platinum  chlorid,  to 
a not  too  concentrated  solution  of  the  hydrochlorid,  in  the  form  of 
long,  beautiful  orange-red  needles  (Bocklisch).  Ordinarily  it  is  ob- 
tained at  first  in  long,  dirty-red  needles,  which  on  repeated  recrys- 
tallization become  clearer  and  assume  a form  similar  to  that  of 
ammonium  platinochlorid.  It  forms  chrome-yellow  rhombic  prisms 
which  are  short  and  octahedral-like.  Variation  in  the  crystalline 
form  is  observed  here  as  in  the  case  of  the  mercury  compounds.  In 
polarized  light  they  are  strongly  double  refracting.  It  is  very 
slightly  soluble  in  cold  water ; can  be  recrystallized  from  hot  water 
(Bocklisch).  Its  solubility  in  water  at  12°  is  1 to  113-114  ; at  21° 
it  is  1 to  70.8  (Gulewitsch).  It  is  soluble  in  alcohol.  It  decom- 
poses at  235°-236°.  It  does  not  lose  weight  at  125°-135°  ; at 
195°  it  begins  to  darken  and  melts  with  decomposition  at  215° 
(Gulewitsch). 

The  aurochlorid,  C5H14N2.2HC1.2AuC13  (Au  ==  50.41  per  cent.), 
crystallizes  partly  in  cubes,  and  partly  in  long  needles  which  at  first 
possess  a bright  lustre,  but  under  the  desiccator  soon  effloresce  and 
become  opaque.  It  crystallizes  from  water  acidulated  with  hydro- 
chloric acid,  in  plates  or  in  large,  long,  very  pretty  orange-yellow 
flat  prisms.  On  rapid  crystallization  bright  platelets  form  (Gule- 
witsch). The  water  of  crystallization  is  completely  removed  on 
standing  over  sulphuric  acid.  It  is  very  easily  soluble,  and  melts  at 
188°  (Bocklisch);  186°-188°  (Gulewitsch). 

The  picrate,  C5H14N2.2C6H2(N02)30H,  forms  yellow  plates  which 
are  difficultly  soluble  in  cold  water.  From  hot  water  it  crystallizes 
in  long  prisms,  which  melt  at  221°  with  decomposition.  When 
crystallized  from  95  per  cent,  alcohol  it  forms  long  yellow  needles, 
which  are  difficultly  soluble  in  cold,  more  easily  in  hot  95  per  cent, 
alcohol.  It  is  insoluble,  or  very  difficultly  so,  in  absolute  alcohol, 
and  can  be  recrystallized  from  hot  dilute  alcohol. 

Cadaverin  hydrochlorid  combines  with  mercuric  chlorid,  when  the 
aqueous  solutions  of  these  two  salts  are  mixed  in  the  molecular  ratio 
of  1 to  4,  to  form  C5H14N2.2IIC1.3HgCl2.  This  salt  can  be  recrys- 
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tallized  from  hot  water  (Ladenburg).  When  an  excess  of  mercuric 
chlorid  is  used  the  double  salt  has  the  composition  C8HhN2.2HC1. 
4HgCl2.  This  last  salt  melts  at  216°  (Ladenburg) ; at  214°  (Bock- 
lisch).  It  is  difficultly  soluble  in  cold  water ; easily  in  hot  water  at 
21°  (1-32.5,  Gulewitsch) ; from  hot  water  it  crystallizes  in  needles 
or  plates  (Bocklisch).  On  heating  even  on  the  water-bath  it  loses 
weight.  At  125°-135°  it  loses  18.33  per  cent,  of  its  weight, 
due  to  volatilization  of  mercuric  chlorid  (Gulewitsch).  As  pointed 
out  by  Brieger,  it  is  quite  probable  that  other  mercuric  compounds 
exist  than  those  mentioned.  Gulewitsch  (1894)  showed  inter- 
esting polymorphism  of  the  mercury  salts  of  cadaverin.  He  in- 
clined to  the  belief  that  it  may  form  compounds  with  more  than 
three  or  four  molecules  of  mercuric  chlorid.  On  heating  mercuric 
chlorid  is  given  off,  and  hence  the  varieties  in  form.  This  variation 
in  form  is,  therefore,  not  necessarily  due  to  impurities.  When  first 
obtained  the  cadaverin  mercurochlorid  forms  warty  aggregates  of 
dark-brown  prisms  with  pointed  ends.  By  repeated  recrystallization 
from  water  it  eventually  forms  single  or  stellate  rhombic  plates,  and 
on  further  crystallization  very  thin,  elongated,  six-sided,  or  triangu- 
lar plates  result. 

The  neutral  oxalate,  C5H14N2.H2C204  -f-  2H20,  was  prepared  by 
Bocklisch  by  adding  a little  less  than  the  calculated  quantity  of  al- 
coholic oxalic  acid  to  the  cadaverin.  The  precipitate  may  be  re- 
crystallized  from  hot  dilute  alcohol,  when  it  is  obtained  in  the  form 
of  needles,  which  melt  at  about  160°,  and  at  the  same  time  give 
off  gas. 

The  acid  oxalate,  C5H14N2.2H2C304  -f  H20,  is  made  by  bringing 
the  neutral  salt  into  alcoholic  oxalic  acid.  It  is  soluble  in  hot  dilute 
alcohol,  and  recrystallizes  from  it  in  quadratic  plates,  sometimes  in 
glistening  needles.  It  melts  at  143°  with  decomposition.  After  it 
has  been  dried  over  sulphuric  acid  it  loses,  on  being  heated  to  105°— 
110°,  one  molecule  of  water  (Bocklisch,  Ber.,  20,  1441).  The  in- 
solubility of  these  oxalates  in  absolute  alcohol  shows  the  fallacy  of 
Tamba’s  distinction  between  ptomains  and  vegetable  alkaloids. 

The  dibenzoyl-derivative,  C5H10(NHCOCfiH5)2,  crystallizes  in  long 
or  small  needles  and  plates,  readily  soluble  in  alcohol,  difficultly  so 
in  ether,  and  insoluble  in  water ; hence  the  alcoholic  solution  can 
be  precipitated  by  addition  of  water  or  ether  (separation  from  the 
putrescin  compound,  see  page  266).  It  melts  at  129°-130°  ; at 
130.5°-131 .5°  (Gulewitsch).  It  is  not  changed  by  boiling  with 
dilute  acids  and  alkalis ; but  boiling  with  concentrated  hydrochloric 
or  sulphuric  acid  for  a long  time  finally  breaks  it  up. 

Neuridin,  C5H14N2,  was  the  first  diamin  isolated  from  animal  tis- 
sues (Brieger,  1883).  It  is  one  of  the  most  common  products  of 
putrefaction,  and  as  such  has  beeu  obtained  by  Brieger  from  putrid 
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horseflesh,  beef,  human  muscle,  five  to  six  days;  from  haddock,  five 
days  in  summer ; from  cheese,  six  weeks  in  summer ; from  gelatin, 
ten  days  at  53°;  from  decomposing  human  internal  organs,  three  to 
eleven  days ; from  cultures  of  the  Eberth  bacillus,  with  mydin. 
Bocklisch  has  obtained  it  from  perch,  six  days  in  summer ; from 
barbel  after  three  days  in  summer. 

It  has  also  been  obtained  from  fresh  eggs  in  the  preparation  of 
cholin  by  heating  with  baryta  ; and  also  from  fresh  brain  by  heat- 
ing with  2 per  cent,  hydrochloric  acid  (Brieger,  I.,  57-61). 
Ehrenberg  (1887)  found  it  in  poisonous  sausage  and  obtained  it  by 
growing  a bacillus  from  this  source  on  liver  and  meat  bouillon. 

Neuridin  is  almost  invariably  accompanied  by  cholin,  and  as  the 
duration  of  putrefaction  increases  the  latter  gradually  decreases  in 
amount  and  yields  a corresponding  increase  in  trimethylamin, 
whereas  the  yield  of  neuridin  increases  from  day  to  day.  The 
amount  of  neuridin  formed  depends  upon  the  nature  of  the  organ 
employed  in  putrefaction.  The  greatest  yield  is  obtained  from  gel- 
atinous tissues  such  as  intestines  ; and  especially  from  pure  gelatin. 
On  the  other  hand  such  tissues  as  the  spleen  and  liver  yield  but 
little. 

Neuridin  comes  down  in  the  mercuric  chlorid  precipitate  (some- 
times it  occurs  in  the  filtrate),  and  can  then  be  isolated  from  the 
other  bases  present  in  a number  of  ways.  One  method  is  given 
under  gadinin.  Another  convenient  method  of  separation  is  to  pre- 
cipitate it  from  alcoholic  solution  by  alcoholic  picric  acid.  The 
picrate  thus  obtained  is,  for  the  purpose  of  further  purification,  re- 
crystallized from  absolute  alcohol,  then  decomposed  by  extracting  its 
acid  solution  with  ether  (to  remove  the  picric  acid)  and  evaporating 
the  aqueous  solution  to  dryness.  The  residue  is  now  extracted  with 
alcohol  and  the  alcoholic  solution  precipitated  by  alcoholic  platinum 
chlorid.  The  platinochlorid  can  now  be  recrystallized  from  hot 
water. 

The  free  base,  as  obtained  by  the  treatment  of  the  hydrochlorid 
with  moist,  freshly  precipitated  silver  oxid,  possesses  an  extremely 
repulsive  odor,  similar  to  that  of  human  semen. 

On  evaporation  of  its  aqueous  solution  it  yields  a gelatinous-like 
mass,  and  at  the  same  time  slowly  decomposes.  It  does  not  crys- 
tallize when  evaporated  in  a vacuum,  and  decomposes  even  under 
these  conditions.  The  same  disagreeable  odor  is  obtained  when  the 
hydrochlorid  is  warmed  with  potassium  hydrate.  Brieger  (I.,  24) 
regards  this  decomposition  product  of  neuridin  as  an  oxidation 
product  of  the  original  substance. 

The  free  base  is  very  readily  soluble  in  water,  but  is  insoluble  in 
ether  and  absolute  alcohol ; difficultly  soluble  in  amyl  alcohol.  It 
gives  white  precipitates  with  mercuric  chlorid,  neutral  and  basic  lead 
acetates.  When  distilled  with  fixed  alkali  it  yields  di-  and  tri- 
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methylamin,  thus  probably  showing  some  relation  to  neurin,  hence 
the  name  neuridin.  It  does  not  give  Hofmann’s  isonitril  reaction, 
but  it  does  not  follow  from  this,  as  shown  under  cadaverin,  that  it 
may  not  be  a primary  diamin.  It  is  isomeric  with  cadaverin, 
saprin,  and  gerontin. 

The  hydrochlorid,  C5H14N2.2HC1,  crystallizes  in  long  needles 
which  are  extremely  soluble  in  water  and  in  dilute  alcohol,  but 
are  insoluble  in  absolute  alcohol,  ether,  chloroform,  petroleum 
ether,  benzene,  amyl  alcohol,  etc.  Its  insolubility  in  absolute  alco- 
hol may  be  used  to  effect  a separation  from  cholin  hydrochlorid. 
It  can  be  recrystallized  from  slightly  warm  dilute  alcohol.  Al- 
though the  pure  salt  is  insoluble  in  the  reagents  just  given,  never- 
theless, in  the  presence  of  other  animal  matter,  it  is  dissolved  in 
greater  or  less  quantity,  and  hence  can  be  obtained  by  the  Stas-Otto 
as  well  as  by  the  Dragendorff  method.  The  crystals  resemble  urea 
in  form.  On  heating  very  cautiously  the  salt  sublimes,  and  at  the 
same  time  appears  to  undergo  a partial  internal  decomposition,  inas- 
much as  many  of  the  groups  of  needles  in  the  sublimate  are  colored 
red  or  blue.  For  the  behavior  of  the  hydrochlorid  with  the  alkaloidal 
reagents,  see  Table  I. 

Pure  neuridin  is  not  poisonous,  but  as  long  as  it  is  contaminated 
with  other  putrefaction  products  it  possesses  a toxic  action  similar  to 
that  of  peptotoxin.  This  holds  true  for  the  other  non-poisonous 
bases. 

The  platinochlorid,  C5H14N2.2HCl.PtCl4,  crystallizes  in  beautiful 
flat  needles.  Recrystallized  from  hot  water,  it  forms  aggregations 
of  small,  clear,  yellow  needles.  It  is  readily  soluble  in  water,  from 
which  it  is  precipitated  on  the  addition  of  alcohol. 

The  aurochlorid,  C5H14N2.2HC1.2AuCls,  is  rather  difficultly  sol- 
uble in  cold  water  (Bocklisch),  and  crystallizes  on  cooling  of  the  hot, 
saturated  solution  in  bunches  of  clear,  yellow,  short  needles. 

The  picrate,  C5H14N2.2CgH2(N02)30H,  can  be  recrystallized  from 
boiling  water,  in  which  it  is  very  difficultly  soluble,  in  the  form  ot 
needles  united  in  plumose  groups.  It  is  almost  insoluble  in  cold 
water ; less  difficultly  soluble  in  alcohol.  It  is  not  fusible,  but  be- 
gins to  brown  and  give  off  yellow  vapors  at  230°,  and  carbonizes 
completely  at  250°. 

Saprin,  CrH14N2,  was  found  in  human  livers  and  spleens  after 
three  weeks  putrefaction  (Brieger,  II.,  30,  46,  58).  It  occurs  to- 
gether with  cadaverin,  putrescin,  and  mydalein  in  the  mercuric 
chlorid  precipitate.  To  separate  these  bases  Brieger  (1885)  used  the 
following  process : The  mercury  salts  were  decomposed  with  hydro- 
gen sulphid,  the  filtrate  evaporated  to  dryness,  and  the  residue  then 
extracted  with  alcohol.  The  putrescin  hydrochlorid  is  insoluble  in 
alcohol,  and  is  thus  removed.  The  alcoholic  solution  was  treated 
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with  platinum  chlorid,  which  precipitated  the  greater  part  of  the 
cadaverin.  The  mother-liquor,  on  concentration,  yielded  a mixture 
of  the  platinochlorids  of  cadaverin  and  saprin.  Each  successive 
crop  contained  more  of  the  saprin  double  salt.  The  two  kinds  of 
crystals  were  now  separated  by  means  of  a magnifying  glass.  The 
saprin  platinochlorid  thus  obtained  was  finally  purified  by  repeated 
recrystallization  from  water.  The  mother-liquor,  after  the  removal 
of  the  saprin  platinochlorid,  contains  the  mydalein  salt,  which  on  ac- 
count of  its  solubility  in  water,  crystallizes  only  on  concentration,  or 
on  standing  under  a desiccator.  The  mercuric  chlorid  filtrate  con- 
tains some  mydalein  and  the  ptomain,  which  yields  a platinochlorid 
containing  28.40  per  cent,  platinum. 

The  free  base  is  a diamin,  and  was  first  ascribed  the  formula 
C6H16N,.  It  appears,  however,  to  be  isomeric  with  cadaverin  and 
neuridin.  The  term  saprin  is  derived  from  the  Greek  aaTzpoz,  signi- 
fying  putrid.  It  possesses  a weak  pyridin-like  odor,  and  can  be  dis- 
tilled with  steam  or  with  potassium  hydrate  without  undergoing 
decomposition.  In  its  reactions  it  behaves  the  same  as  cadaverin, 
except  that  it  gives  an  amorphous  precipitate  with  potassium  bis- 
muth iodid,  whereas  cadaverin  gives  a crystalline  precipitate.  The 
free  base  gives  an  immediate  intense  blue  color  with  ferric  chlorid 
and  potassium  ferricyanid. 

The  hydrochlorid,  C6H14N2.2HC1,  forms  flat  needles  which  are  not 
hygroscopic  (distinction  from  cadaverin  hydrochlorid).  Its  reactions 
are  the  same  as  those  of  cadaverin  hydrochlorid.  (See  Table  I.)  It 
is,  however,  tinged  slightly  blue  by  a mixture  of  ferric  chlorid  and 
potassium  ferricyanid,  whereas  the  free  base  gives  an  intense  blue. 
It  differs  from  cadaverin  in  that  it  does  not  give  the  reddish-brown 
color  with  potassium  bichromate  and  sulphuric  acid.  Again,  it  forms 
no  aurochlorid  ; while,  on  the  other  hand,  cadaverin  hydrochlorid 
yields  an  easily  soluble  salt,  crystallizing  in  splendid  needles. 

The  platinochlorid,  C5HuN2.2HCl.PtCl4,  forms  parallel,  aggre- 
gated, pointed  crystals,  which  are  somewhat  soluble  in  water,  and 
are  thus  distinguished  from  cadaverin  platinochlorid,  which  crystal- 
lizes in  rhombs,  and  is  difficultly  soluble  in  water. 

Physiologically,  it  is  indifferent. 

Hexamethylenediamin,  Ct.H16N2. — This  compound  was  found  by 
Garcia  in  decomposing  meat  and  pancreas  mixture,  seven  days  at 
30°,  by  the  benzoyl  chlorid  method,  together  with  cadaverin  and 
putrescin.  The  dibenzoyl-putrescin  is  removed  in  the  usual  way 
by  precipitating  the  alcoholic  solution  of  the  mixed  benzoyl  diamins 
with  ether.  The  separation  of  cadaverin  from  the  new  compound  is 
more  difficult  owing  to  the  great  similarity  in  the  solubilities  of  the 
two  compounds.  Garcia  succeeded  in  effecting  a separation  by  dis- 
solving the  mixture  in  alcohol,  and  raising  the  temperature  on  a 
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water-bath  to  70°  ; by  gradual  addition  of  water  (50  volumes), 
taking  care  not  to  allow  the  temperature  to  rise  above  70°,  at  which 
temperature  the  solution  is  left  for  twenty  or  thirty  minutes ; may 
be  raised  to  90°  and  kept  there  for  one  hour.  The  solution  is  then 
rapidly  filtered  through  an  asbestos  plug  with  the  aid  of  a pump. 
On  cooling,  bright,  long  crystalline  plates  and  needles  separate  from 
the  filtrate.  The  residue,  dissolved  in  alcohol  and  again  treated  by 
this  process,  finally  yields  a residue  of  pure  benzoyl-cadaverin. 
The  crystals  formed  in  the  filtrate  melt  at  124.5°-125°  ; cadaverin 
compound  at  129°-130°. 

The  dibenzoyl  compound  on  heating  with  equal  parts  of  alcohol 
and  concentrated  hydrochloric  acid  on  a water-bath  for  forty-eight 
hours  is  decomposed.  The  hydrochlorid  is  not  deliquescent. 

The  platinochlorid,  C6H16N2.2HCl.PtCl4  (Pt  = 37.01),  crystallizes 
from  hot  water  on  cooling  in  elongated,  well -formed  needles 
(rhombic  system)  of  dark -orange  color.  Some  were  more  than  1 
cm.  long.  The  crystallographic  characters  of  the  salt  agree  in  all 
respects  with  those  of  the  cadaverin  compound  with  which  it  is 
therefore  isomorphous.  It  is  easily  soluble  in  water,  difficultly  in 
strong  alcohol. 

Gold  chlorid  produces  no  precipitate  in  aqueous  or  alcoholic  solu- 
tion of  the  base.  Picric  acid  gives  a compound  easily  soluble  in 
water  and  in  absolute  alcohol.  It  crystallizes  in  needles  and  plates  ; 
at  200°  becomes  brown,  and  at  210°  it  decomposes.  In  its  be- 
havior to  gold  chlorid  it  resembles  saprin. 

This  base  is  not  present  in  cystinuria. 

A Base,  C.H10N2. — Until  very  recently  the  nature  of  the  basic 
substances  which  are  formed  as  products  of  the  alcoholic  fermenta- 
tion of  sugar  or  molasses  has  been  but  little  understood.  Kramer 
and  Pinner,  in  1869,  found  in  crude  fusel  oil  a small  quantity  of  a 
volatile  base  which  they  apparently  identified  with  a collidin.  This 
observation  was  confirmed  by  Ordonneau  and  others ; and  in  1888 
Morin  contributed  an  elaborate  paper  upon  the  bases  formed  during 
alcoholic  fermentation.  The  portion  of  crude  fusel  oil  which  boils 
above  130.5°  was  extracted  with  slightly  acidulated  ■water,  the  acid 
aqueous  solution  thus  obtained  was  made  alkaline,  and  the  oily  bases 
which  were  thus  set  free  were  then  distilled  with  vapor  of  water. 
The  free  bases  were  then  dried  over  potassium  hydrate  and  sub- 
jected to  fractional  distillation.  Three  fractions  were  thus  obtained, 
boiling  respectively  at  155°-160°,  171°-172°,  and  185°-190°. 
Only  the  second  fraction,  which  boils  at  171°— 172°,  was  studied, 
and  was  found  to  possess  the  formula  C7III()N2.  Heated  with  con- 
centrated hydrochloric  acid,  it  is  decomposed  in  part  with  the  forma- 
tion of  ammonia.  It  combines  with  ethyl  iodid  to  form  a yellow 
crystalline  compound  which  is  soluble  in  water  and  alcohol,  insoluble 
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in  ether.  The  hydrochloric!  crystallizes  in  fine  white  needles,  soluble 
in  water  and  alcohol,  and  but  very  slightly  soluble  in  absolute  ether. 
The  free  base,  as  stated  above,  boils  at  171°— 172°,  is  very  soluble 
in  water,  alcohol,  ether,  etc.  When  pure  it  forms  a colorless, 
strongly  refracting,  very  mobile  oil,  which  possesses  a characteristic, 
nauseating  odor,  but  slightly  resembling  that  of  the  pyridin  bases. 
Its  density  at  12°  is  0.9826  ; toward  litmus  paper  the  base  shows 
no  decided  reaction.  The  platinochlorid  is  crystalline  and  is  very 
soluble  in  water  and  alcohol,  slightly  soluble  in  ether.  Potassic 
mercuric  iodid  does  not  precipitate  the  aqueous  solution  of  the  free 
base,  but  in  solutions  of  the  hydrochlorid  it  gives  a yellow  flocculent 
precipitate,  which  soon  crystallizes  in  long  brilliant  yellow  needles. 
This  reaction  takes  place  readily  in  solutions  of  1 to  1,000,  and  only 
after  some  hours  in  solutions  of  1 to  10,000 ; and  is  not  given  by 
the  bases  of  the  pyridic  and  quinolinic  series.  Mercuric  chloric! 
produces  an  immediate  flocculent  precipitate  in  solutions  of  the  base 
having  a concentration  of  1 to  1,000,  but  requires  some  time  to  ap- 
pear in  1 to  10,000.  Phosphotungstic  acid  gives  an  immediate  white 
precipitate  even  in  a dilution  of  1 to  10,000.  Phosphomolybdic  acid 
in  solutions  of  the  same  strength  yields  a yellow  precipitate. 

The  physiological  action  of  this  base  has  been  examined  by  R. 
Wurtz  who  found  the  lethal  dose  for  rabbits,  etc.,  to  be  about  one 
gram  per  kilogi’am  of  body-weight.  It  produces  stupor  and  paralysis 
which  at  first  appears  in  the  rear  extremities  ; the  sensibility  becomes 
diminished  and  the  pupils  are  dilated  and  unresponsive  to  light ; the 
rate  of  heart-beat  is  lowered,  and  the  rectal  temperature  falls  as  low 
as  35°  ; death  follows  a more  or  less  prolonged  coma. 

Tanret  obtained  by  the  action  of  ammonia  on  glucose  a number  of 
bases,  to  which  he  applied  the  generic  name  of  glucosins.  One  of 
these,  having  the  formula  C14H10N2  (C  = 6),  corresponds  in  its  for- 
mula and  its  general  properties  to  Morin’s  base,  C7H10N2  (C  = 12), 
and,  in  fact,  the  two  bases  are  considered  by  Tanret  to  be  identical. 

It  is  interesting  to  note  in  this  connection  that  alkaloidal  bases  have 
been  found  in  petroleum  by  Bandrowski,  and  that  similar  basic  sub- 
stances have  been  detected  by  Weller  in  paraffin  oil. 

Most  of  the  solvents  in  common  use,  such  as  alcohol,  ether,  chlor- 
oform, benzol,  petroleum  ether,  amyl  alcohol,  etc.,  have  been  shown 
at  different  times  to  contain  basic  pyridin  compounds,  though  ordi- 
narily in  very  minute  quantity.  On  the  other  hand,  Haitinger  has 
found  in  some  specimens  of  amyl  alcohol  as  much  as  0.5  per  cent, 
of  pyridin. 

Susotoxin,  C^H^N^?),  is  a base  isolated  by  Novy  in  1890  from 
cultures  of  the  hog  cholera  bacillus  of  Salmon  (swine  plague  of  Bill- 
ings). It  is  probably  identical  with  the  base  obtained  by  v.  Schwein- 
itz  from  the  same  germ,  although  the  formula  ascribed  to  it  by  him 
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is  CuH32N2.  The  free  base  has  not  been  obtained.  The  hydrochlorid 
forms  a light-yellow  syrup  which  shows  no  tendency  to  crystallize. 
It  is  soluble  in  water  and  in  absolute  alcohol,  and  is  somewhat  hy- 
groscopic. 

When  heated  with  fixed  alkali  it  gives  off  a strong  amin  odor, 
such  as  is  perceived  on  evaporating  the  original  culture  fluid,  if  it 
happens  to  be  alkaline  in  reaction. 

The  platinochlorid  is  obtained  by  precipitation  as  a light,  flesh- 
colored,  granular  precipitate.  It  is  readily  soluble  in  water,  from 
which  it  can  be  reprecipitated  by  addition  of  absolute  alcohol. 
From  aqueous  solution,  when  allowed  to  evaporate  slowly,  it  crys- 
tallizes in  long,  thick  needles. 

The  mercurochlorid  is  thrown  down  from  solutions  of  the  hydro- 
chlorid in  absolute  alcohol,  by  alcoholic  mercuric  chlorid,  as  a 
heavy,  white,  granular  precipitate.  This  readily  dissolves  on  the 
addition  of  a small  quantity  of  water,  and  can  be  perfectly  reprecip- 
itated by  addition  of  absolute  alcohol.  On  treatment  with  hydrogen 
sulphid  it  is  readily  decomposed,  yielding  the  pure  hydrochlorid. 

The  aurochlorid  is  very  soluble  in  water  and  alcohol.  From  the 
alcoholic  solution  it  may  be  partially  precipitated  by  ether  as  a light- 
yellow,  oily  precipitate,  which  is  adherent  to  the  sides  and  bottom  of 
the  tube. 

The  base  is  toxic  only  in  relatively  large  doses,  as  seen  from  the 
following  experiment.  About  100  milligrams,  dissolved  in  a little 
water,  were  injected  subcutaneously  into  a young  rat.  The  animal 
was  at  first  quiet,  apparently  unwilling  to  move.  After  some  inef- 
fectual attempts  at  jumping  it  settled  down  to  a recumbent  position, 
and  when  placed  on  its  side  was  unable  to  rise.  Respiration  was  at 
first  retarded,  later  increased,  but  toward  the  end  was  again  very 
slow.  Convulsive  tremors  shook  the  body  at  frequent  intervals. 
The  animal  kicked  vigorously.  Reflexes  were  present  almost  to  the 
end.  As  death  approached  the  red  eyes  whitened  and  took  on  a 
glazed,  opaque  appearance.  Death  resulted  in  one  and  a half  hours. 
The  animal  was  on  its  side,  the  feet  extended.  Post-mortem  exam- 
ination showed  the  heart  arrested  in  diastole,  lungs  rather  pale, 
stomach  contracted,  serum  in  thoracic  cavity,  subcuta  pale  and 
oedematous.  Repeated  doses  of  smaller  quantities  seem  to  confer  a 
partial  immunity  to  the  action  of  the  germ. 

Methyl  guanidin,  CjH7N3  , NH  = C<^^  . This  base  has  long 

been  known  as  a product  of  the  oxidation  of  creatin  and  crea- 
tinin,  but  has  never  been  met  with  in  animal  tissues.  Brieger 
in  1886  (III.,  33)  obtained  it  from  horseflesh  which  was  al- 
lowed to  decompose  in  a closed  vessel  at  a low  temperature  (—9° 
to  + 5°)  for  four  months.  Bocklisch  ( Ber .,  20,  1441)  isolated  it 
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from  impure  cultures  on  beef-broth  of  Finkler  and  Prior’s  vibrio 
proteus,  containing  ordinary  putrefaction  bacteria,  for  twenty  to 
thirty  days  at  37°-38°.  Vibrio  proteus  alone  seems  incapable  of 
forming  this  base.  The  comma  bacillus,  after  some  time  (six  weeks), 
partially  decomposes  creatinin  with  formation  of  a small  quantity  of 
methyl  guanidin  (Brieger).  The  bacillus  of  anthrax  likewise  is  cap- 
able of  transforming  creatin  into  methyl  guanidin.  It  has  been 
found  in  rabbits  that  died  of  rabbit  septicemia. 

It  occurs  in  the  mercuric  chlorid  filtrate  (Brieger),  from  which  it 
is  obtained,  after  the  removal  of  the  mercury  by  hydrogen  sulphid, 
on  precipitation  with  phosphomolybdic  acid.  The  precipitate  is  de- 
composed with  neutral  lead  acetate,  and  the  filtrate  from  this,  after 
removal  of  the  lead  by  hydrogen  sulphid,  is  concentrated  and  then 
sodium  picrate  added.  The  resinous  picrate  precipitate  is  purified  by 
boiling  with  much  water,  and,  finally,  it  is  recrystallized  from  boil- 
ing absolute  alcohol.  According  to  Bocklisch,  it  occurs  in  the  mer- 
curic chlorid  precipitate  (not  in  the  filtrate),  from  which  it  is  isolated, 
after  removal  of  the  mercury  and  concentration  of  the  clear  filtrate, 
by  precipitation  with  sodium  picrate.  The  precipitate,  containing 
cadaverin,  methyl  guanidin,  and  creatinin,  is  boiled  with  absolute 
alcohol  (cadaverin  picrate  is  insoluble)  and  the  alcoholic  solution  is 
then  evaporated  to  drive  off  the  alcohol  and  taken  up  with  water. 
From  this  aqueous  solution,  after  removal  of  picric  acid,  methyl 
guanidin  is  precipitated  by  gold  chlorid  whereas  creatinin  remains 
in  solution. 

This  ptoma'in  is  identical  with  the  synthetic  methyl  guanidin 
(methyluramin),  which  can  be  readily  obtained  by  boiling  a creatin 
solution  with  mercuric  oxid  or  with  lead  dioxid  and  dilute  sul- 
phuric acid  (Dessaignes).  The  parent  substance  of  methyl  guan- 
idin as  it  occurs  in  putrefaction  is  undoubtedly  the  creatin  which 
exists  preformed  in  the  muscular  tissue.  If  such  is  the  case,  the 
bacteria  engaged  in  its  production  must  be  considered  as  possessing 
an  oxidizing  action,  since  this  base  is  prepared  synthetically  from 
creatin  by  oxidation.  The  change  would  correspond  to  that  observed 
in  the  putrefaction  of  ornithin  and  lysin  whereby  putrescin  and  ca- 
daverin result  (p.  268).  The  methyl  guanidin  in  turn  may  be  con- 
verted into  methyl  urea  and  this  into  ammonia  and  methylamin. 
That  creatin  does  not  offer  much  resistance  to  the  action  of  bacteria 
is  shown  in  the  fact  that  Friedliinder’s  pneumococcus,  which 
possesses  but  small  chemical  powers,  is  capable  of  slowly  but  stead- 
ily decomposing  creatin,  yielding  as  one  of  the  products  acetic  acid. 
Strecker  and  Erlenmeyer,  as  well  as  Baumann,  have  shown  that 
creatin,  although  a substituted  guanidin,  is  not  poisonous,  but  is 
readily  converted  into  creatinin  which  is  a relatively  toxic  sub- 
stance. On  the  other  hand,  guanidin  and  methyl  guanidin  are  quite 
violent  poisons.  This  is,  therefore,  another  instance  in  which  a toxic 
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substance  is  formed  by  the  action  of  bacteria  upon  a previously  non- 
poisonous  base  (see  page  290).  According  to  Lossen,  guanidin  is 
formed,  though  in  small  quantity,  in  the  oxidation  of  albumin. 

iischer  (1897)  obtained  this  base  by  oxidizing  1-7  di-methyl 
guanin  whereas  7 methyl  guanin  gave  only  guanidin.  It  would 
appear  from  this  that  the  purin  antecedent  may  constitute  a source 
of  methyl  guanidin  and  even  of  creatinin.  The  hexon  base  arginin 
(which  see)  contains  a guanidin  group  and  either  it  or  a related 
body  may  likewise  share  in  the  production  of  these  bodies. 

The  formulas  of  these  closely  related  substances  are  here  given  for 
comparison : 

Guanidin.  Urea. 


/NH2 

\nh2 


o = c 


/NH2 

xnh2 


Methyl  Guanidin. 
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^NH2 


Methyl  Urea. 
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NH-CH, 
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Creatinin. 
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Methyl  Hydantoin. 

/N(CH8).CH2 

= I 

\NH  — CO 


Creatin. 

/N(CH3).CH2.C02H 
N-H  = C< 

'NH, 


Methyl  Hydantoic  Acid. 
/N(CHs).CH2.COjH 
0 = C< 

'NH, 


Methyl  guanidin  forms  a colorless,  easily  deliquescent  mass  pos- 
sessing a strong  alkaline  reaction.  On  heating  with  potassium 
hydrate  it  decomposes  and  yields  ammonia  and  methylamin.  It  is 
a highly  poisonous  base. 

The  hydrochlorid,  C2H7N3.HC1,  can  be  obtained  from  the  picrate 
by  dissolving  the  latter  in  water  acidulated  with  hydrochloric  acid, 
and  extracting  the  solution  with  ether  to  remove  the  picric  acid. 
The  colorless  aqueous  solution  now  on  evaporation  yields  a thin 
syrup  which  crystallizes  in  vacuum  to  compact  prisms.  These  are 
insoluble  in  alcohol,  and  give  with  platinum  chlorid  a double  salt  of 
monoclinic  needles  (Haushofer)  which  are  very  easily  soluble  (1  part 
in  about  7 parts  of  water,  Tatarinow). 

The  aurochlorid,  G\H.N3.HC1.AuC13  (Au  = 47.71  per  cent.),  forms 
rhombic  crystals  (Haushofer)  which  are  easily  soluble  in  ether,  more 
difficultly  in  water  or  alcohol ; readily  soluble  (Brieger).  It  readily 
decomposes  on  heating  in  pure  water,  but  may  be  crystallized  from 
water  acidulated  with  hydrochloric  acid.  It  melts  at  198°. 

The  picrate,  C2H7N3.C6H2(N02)30H,  comes  down  at  first  as  a 
resinous  precipitate,  which  when  boiled  with  much  water  solidifies  in 
the  form  of  felted  needles.  It  is  very  difficultly  soluble  in  water, 
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and  can  be  purified  by  repeated  recrystallization  from  boiling  abso- 
lute alcohol — distinction  from  cadaverin.  It  melts  at  192°.  Ac- 
cording to  Fischer  it  forms  long  yellow  plates  which  melt  at  200° 
and  decompose  with  evolution  of  gas  at  250°. 

The  oxalate,  (C2H7N3)2.H2C204  + 2H20,  forms  crystals  which  are 
easily  soluble  in  water. 

Methyl  guauidin  as  obtained  from  putrefying  flesh  is  identical  in 
its  physiological  action  with  the  synthetic  base.  It  has  already  been 
stated  that  the  non-poisonous  creatin  is  readily  converted  into  the 
relatively  energetic  poison  creatinin.  The  latter  substance  possesses 
a paralyzing  action  differing  very  much  from  its  decomposition  prod- 
uct methyl  guanidin.  This  base  is  very  poisonous,  and  the  symp- 
toms are  marked  by  dyspnoea,  muscle-tremor,  and  general  clonic 
convulsions.  Brieger  has  observed  the  following  symptoms  on  in- 
jection of  about  0.2  gram  of  methyl  guanidin  into  a guinea-pig : 
The  respiration  at  once  becomes  more  x'apid,  and  in  a few  minutes 
abundant  passage  of  urine  and  stool  takes  place  ; the  pupils  dilate 
rapidly  to  the  maximum  and  cease  to  react.  The  animal  is  uneasy 
but  motionless,  though  not  exactly  paralyzed.  Respiration  becomes 
deeper  and  more  labored,  the  head  moves  from  side  to  side,  the  ex- 
tremities become  gradually  paralyzed ; dyspnoea  sets  in,  the  animal 
falls  on  its  side,  and  dies  (twenty  minutes)  amid  general  clonic  con- 
vulsions of  short  duration.  Fibrillary  twitchings  of  the  truuk- 
muscles  are  observed  only  in  the  beginning.  Post-mortem  showed 
the  heart  to  be  stopped  in  diastole,  the  intestines  filled  with  fluid, 
the  bladder  contracted,  the  cortex  of  the  kidney  hypersemic,  but  the 
papillae  of  the  kidneys  surprisingly  pale. 

Morrhuin,  C^H^Ng,  was  obtained  by  Gautier  and  Mourgues 
(1888)  from  the  mother-liquors  of  asellin  on  concentration  of  the 
platinum-containing  liquid.  This  substance  constitutes  about  one- 
third  (0.07  per  cent.)  of  all  the  bases  found  in  cod-liver  oil,  and  is 
named  after  Gadus  morrhua,  the  ordinary  codfish.  The  free  base  is 
an  oily,  very  thick,  amber-yellow  liquid,  the  odor  of  which  resem- 
bles somewhat  that  of  syringa.  It  floats  on  water  and  partially  dis- 
solves ; is  more  soluble  in  ether  and  in  alcohol.  The  base  is  very 
alkaline  and  is  caustic  to  the  tongue.  It  absorbs  carbonic  acid  and 
is  non-volatile.  The  salts  of  copper  are  precipitated  by  it  but  the 
hydrate  formed  is  not  redissolved. 

The  hydrochlorid  is  very  deliquescent.  The  gold  salt  forms  a 
yellow  precipitate  which  readily  dissolves  on  warming.  The  plati- 
num salt,  C^H^Ng^HCl.PtCl,  (Pt  = 27.56  per  cent.),  crystallizes 
in  barbed  needles,  which  are  quite  soluble.  (Separation  from  asel- 
lin, p.  286.) 

The  base  possesses  the  property  of  exciting  the  appetite  ; it  acts 
as  a diaphoretic,  and,  above  all,  as  a diuretic.  0.029  gram  given 


286 


CHEMISTRY  OF  THE  PTO MAINS. 


subcutaneously  to  a guinea-pig  produced  in  two  and  a half  hours  a 
loss  of  13.5  grams  in  the  weight  of  the  animal.  The  same  effect  is 
produced  in  birds.  Strong  doses  (0.1  gram  per  kilogram)  produce 
fatigue  and  hebetude. 

A Base,  was  obtained  as  early  as  1868  by  Oser,  who 

observed  its  formation  during  the  fermentation  of  pure  cane-sugar 
by  means  of  yeast.  The  hydrochlorid  when  dried  in  vacuo  is  said 
to  form  a white,  very  hygroscopic  foliaceous  mass  which  soon  be- 
comes brown  on  exposure  to  air.  At  first  it  imparts  a burning  taste 
which  is  soon  replaced  by  a very  bitter  sensation. 

A Base  corresponding  to  the  formula  C17H3gN4  was  obtained  by 
Gautier  and  Etard  from  the  mother-liquors  of  the  platinochlorid  of 
the  base  C8H13N.  Very  little  is  known,  however,  in  regard  to  the 
general  properties  of  this  base  owing  to  the  small  quantity  which 
could  be  isolated.  This  base  and  the  one  obtained  by  Oser  from  the 
yeast  fermentation  of  sugar,  C13H20N4 , and  asellin,  C25H32N4,  are  the 
only  ptomai'ns  thus  far  isolated  which  are  known  to  contain  four 
atoms  of  nitrogen. 

The  platinochlorid,  CjyH^N^HCl.PtC^  (Pt  = 27.52  per  cent.), 
is  readily  soluble  and  crystallizes  in  needles  which  possess  a light- 
yellow  flesh  color.  When  heated  to  100°,  it  slowly  decomposes 
giving  off  a syringa-like  odor. 

Asellin,  C25H32N4 , was  isolated  by  Gautier  and  Mourgues  (1888), 
together  with  five  other  bases,  from  cod-liver  oil.  It  is  present  only 
in  small  quantity  in  the  oil.  The  name  is  derived  from  Asellus 
major,  the  great  codfish.  The  free  base  is  thrown  down  from  the 
solutions  of  the  hydrochlorid  by  the  addition  of  alkali,  in  amorphous 
white  floccules  which  are  almost  insoluble  in  water.  It  is  almost 
colorless,  but  on  exposure  to  the  air  becomes  slightly  green.  It  is 
not  hygroscopic,  and  possesses  a density  of  about  1.05.  On  heating 
it  melts  to  a viscid  yellowish  fluid,  possessing  an  aromatic  odor ; it 
is  non-volatile.  Although  almost  insoluble  in  water,  it  imparts  to  this 
an  alkaline  reaction  and  a bitter  taste.  It  is  soluble  in  ether,  more 
so  in  alcohol. 

The  salts  are  crystallizable,  but  are  partially  dissociated  by  the 
action  of  warm  water.  The  hydrochlorid  forms  crossed  or  entangled 
needles  which  are  quite  bitter.  The  gold  salt  is  very  reducible. 
The  platinochlorid,  C25HJ2N4.2HCl.PtCl4  (Pt  = 24.41),  is  orange- 
yellow  in  color;  soluble  in  warm  water,  insoluble  in  cold  water 
(separation  from  morrhuin,  p.  285),  and  is  rapidly  changed  by  boil- 
ing water.  The  mercury  salt  is  precipitated  in  the  cold,  redissolves 
on  heating,  and  then,  on  cooling,  recrystallizes. 

In  large  doses  it  produces  fatigue,  short  and  rapid  respiration, 
and  stupor.  Three  milligrams  of  the  hydrochlorid  killed  a green- 
finch in  fourteen  minutes. 
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Mydin,  CHHnNO,  is  a non-poisonous  base  which  was  obtained  by 
Brieger  in  188(3  (III.,  25)  from  the  putrefaction  of  about  two 
hundred  pounds  of  human  internal  organs;  and  also  in  cultures  of 
the  Eberth  bacillus  on  peptonized  blood-serum.  It  occurs  in  the 
mercuric  chlorid  filtrate  and  is  isolated,  after  the  removal  of  the 
mercury  by  hydrogen  sulphid,  by  precipitation  with  phosphomo- 
lybdic  acid.  The  gummy  precipitate  which  is  produced  is  de- 
composed on  the  water-bath  with  a solution  of  neutral  lead  acetate, 
and  the  filtrate  on  evaporation  yields  a colorless  hydrochlorid,  crys- 
tallizing in  plates.  It  is  purified  by  recrystallization  of  the  picrate. 

The  free  base  is  strongly  alkaline,  and  possesses  an  ammoniacal 
odor.  It  is  characterized  by  its  strong  reducing  properties.  The 
name  mydin  is  derived  from  fioddw,  to  putrefy.  With  platinum 
chlorid  it  gives,  after  a time,  an  extremely  soluble  salt ; with  gold 
chlorid,  a precipitate  of  metallic  gold.  On  distillation  it  is  decom- 
posed. 

The  hydrochlorid,  CgH^NO.HCl,  crystallizes  in  colorless  plates. 
It  gives  a blue  color  wTith  ferric  chlorid  and  potassium  ferrocyanid. 

The  picrate,  CgHnNO.C6H2(N02)3OH,  is  obtained  in  broad  prisms, 
which  melt  at  195°.  It  is  the  only  salt  suitable  for  manipulations. 

In  describing  Nencki’s  collidin  (page  256)  it  was  stated  that 
tyrosin  might  be  looked  upon  as  the  source  of  that  base.  It  would 
seem,  however,  to  be  more  appropriately  the  parent  substance  of  * 
mydin,  inasmuch  as  it  decomposes  on  being  heated  to  270°  into  car- 
bonic acid  and  oxyphenyl-ethylamin,  CgHuNO.  The  change  that 
takes  place  can  be  represented  by  the  equation  : 

/OH  /OH 

C#H/  = CeH/  -I-  CO,. 

xCH,.CHNH,.CO,H  XCH,.CH,.NH2 

Tykosin.  Oxyphenyl-ethylamin. 

A Base,  C5HnN02 , was  isolated  by  E.  and  H.  Salkowski  (1883) 
from  decomposing  fibrin  and  meat.  An  ami  no- valerianic  acid  is 
formed  in  the  hydrolytic  cleavage  by  means  of  acids  of  the  protamin 
clupein  (Kossel) ; and  of  casein  (Fischer,  1901).  The  5-acid  also 
results  in  the  oxidation  of  piperidin  25,  2778).  For  diamino- 

valerianic  acid,  see  ornithin. 

It  is  extremely  soluble  in  water,  very  difficultly  so  in  alcohol,  in- 
soluble in  ether,  and  possesses  a semen-like  odor  and  saline  taste. 
The  aqueous  solution,  which  is  not  alkaline  in  reaction,  yields  on 
evaporation  a stellate  crystalline  mass  which  on  standing  over  sul- 
phuric acid  becomes  a white  powder  melting  at  156°.  It  dis- 
solves silver  oxid  but  not  cupric  hydrate,  thus  apparently  indicating 
that  it  is  not  an  amido  acid.  Moreover,  it  does  not  give  a pre- 
cipitate or  blue  coloration  with  copper  acetate  or  ammoniacal  silver 
nitrate.  It  thus  differed  from  the  then  known  amido-valerianic  acids, 
its  isomers.  Later,  however  (1891),  Gabriel  and  Aschan  showed 
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that  d-amido-valerianic  acid  agrees  with  this  base  in  its  reactions  to 
copper  nitrate.  The  gold  salt  of  the  synthetic  base  possessed  the 
same  composition  as  that  of  Salkowski,  and  melted  at  86°-87°. 

The  identity  of  this  base  with  d-amido- valerianic  acid  (homo- 
piperidinic  acid)  would  seem  to  be  established,  and  as  such  it  is 
regarded.  Its  structure,  then,  is  represented  by : 

NH,.  CH,.  CH2.  CHj.CHj.  C02H. 

For  its  synthetic  preparation,  see  Ber.,  24,  1365  (1891).  The  base 
does  not  seem  to  possess  toxic  action. 

The  hydrochlorid,  C5HUN02.HC1,  forms  colorless,  stellate  crys- 
tals, which  are  permanent  in  the  air,  and  are  extremely  soluble  in 
water,  even  in  absolute  alcohol. 

The  aurochlorid,  C5HnN02.HCl.AuCl3  -f-  H20,  is  obtained  on  slow 
evaporation,  as  large,  well  formed,  beautiful  dark  yellow  crystals. 
They  are  probably  monoclinic,  contain  water  of  crystallization  and 
melt  at  below  100°. 

The  platinochlorid  gave  on  analysis  results  corresponding  to  the 
formula  (C.HjjNOjj.HCl^PtClj.  This  possibly  may  have  been  due 
to  the  presence  of  some  higher  homologues  of  the  base  C5HuNO,,.  It 
forms  fine  orange-yellow  crystals,  which  are  very  difficultly  soluble 
in  alcohol,  easily  so  in  hot  water,  from  which,  on  cooling,  it  crystal- 
lizes in  beautiful  plates. 

Cholin  Group. — The  following  four  bases  are  closely  related,  and, 
indeed,  starting  from  cholin,  the  oldest  and  best  known  individual, 
the  remaining  bases  can  be  readily  prepared  from  it.  Moreover, 
they  can  all  be  prepared  synthetically  according  to  methods  that 
will  be  subsequently  indicated.  As  cholin  is  the  most  prominent 
member,  we  have  thought  best  to  class  these  substances  together  as 
constituting  the  cholin  group.  It  is  very  probable  that  mydatoxin 
and  mytilotoxin,  when  their  constitution  becomes  known,  will  be 
found  to  be  homologues  of  certain  members  of  this  group. 

Neurin,  C5H13NO  = C2Hs.N(CH,)3.OH.— This  substance  was  ob- 
tained and  named  thus  by  Liebreieh  (1865),  who  prepared  it  by 
boiling  protagon  for  twenty-four  hours  with  concentrated  baryta. 
Previous  to  its  discovery  as  a decomposition  product  of  protagon 
from  the  brain  it  was  prepared  synthetically  by  Hoffmann  (1858) 
by  treating  trimethylamin  and  ethylene  bromid  with  potassium  hy- 
drate or  silver  oxid.  Baeyer  (1866),  by  boiling  an  alcoholic  ex- 
tract of  the  brain  with  baryta  water,  obtained,  on  separation  by 
three  different  methods,  a base  or  rather  a mixture  of  bases,  which 
on  analysis  gave  results  corresponding  to  the  three  formulae  : 

2 3 

(C5H12NCl),PtCl4  (C5HuNCl),PtCl4 


1 

( C5HuN  OC1 ) 2PtCl4 


NEURIN. 
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Formula  No.  3 was  the  one  accepted  by  Liebreich  for  neurin,  but, 
according  to  Baeyer,  Liebreich’s  neurin  salt  was  not  simple  but  a 
mixture  of  Nos.  1 and  2.  He  himself  accepted  formula  No.  1 as 
the  platinochlorid  of  neurin,  and  distinctly  states  (Annul,  d.  Chem. 
u.  Pharm .,  142,  323,  1867)  that  neurin  is  in  composition  trimethyl 
oxyethyl-ammonium  hydroxid.  And  according  to  him,  cholin  from 
bile  and  siukalin  from  white  mustard  appear  to  be  identical  with 
neurin. 

This  nomenclature  of  Baeyer’s  was  at  first  adopted  by  Wurtz 
and  others,  who  showed  that  the  oxyethyl  base  was  identical  with 
cholin  and  sinkaliu.  On  that  account  Strecker,  in  1868  (Annul., 
148,  79),  suggested  the  restriction  of  the  name  cholin  to  the  oxy- 
ethyl base,  and  to  reserve  the  name  neurin  for  the  base  whose  platin- 
ochlorid is  represented  in  No.  3,  as  originally  was  done  by  Lieb- 
reich. In  1869  Liebreich  showed  that  pure  protagon,  when  heated 
with  baryta  for  twenty-four  hours,  yields  a substance  having  the 
composition  of  the  vinyl  base  : 


The  platinochlorid  of  this  base  crystallized  in  five-sided  yellow 
plates,  which  after  a time,  on  exposure  to  the  air,  became  cloudy  ; 
on  treatment  now  with  water  a portion  dissolved  and  the  solution 
was  found  to  contain  the  oxyethyl  base.  Furthermore,  he  observed 
that  when  the  alcoholic  extract  of  the  brain,  from  which  all  the  pro- 
tagon had  been  removed,  is  treated  with  baryta,  only  the  latter,  the 
oxyethyl  base,  is  obtained.  Finally,  in  1870,  Wurtz  abandoned  the 
use  of  the  term  neurin  to  designate  the  oxyethyl  base,  and  returned 
to  the  name  cholin,  originally  applied  to  the  oxyethyl  base  by  its 
discoverer,  Strecker.  Nevertheless,  the  confusion  in  the  use  of  these 
two  terms  continued  to  exist  even  until  very  recent  years,  causing  no 
little  misunderstanding.  Thus,  Marino-Zuco  (1885),  in  his  excel- 
lent researches  on  the  genesis  of  ptomai'ns,  applies  the  term  neurin, 
following  Baeyer’s  precedent,  to  the  oxyethyl  base,  CsH15N02,  which 
is  really  cholin,  according  to  the  proper  nomenclature. 

We  have  gone  somewhat  at  this  point  in  detail  into  the  history 
and  proper  use  of  the  terms  neurin  and  cholin  because  of  the  confu- 
sion which  is  sure  to  arise  if  the  distinction  is  not  thoroughly  borne 
in  mind.  The  name  neurin,  then,  should  be  used  only  to  denote  the 
vinyl  base  C,H13NO.  It  is  trimethyl-vinyl-ammonium  hydrate. 
On  the  other  hand,  cholin  is  the  oxyethyl  base  CsH15N02,  Avhich  is 
trimethyl-oxyethyl-ammonium  hydrate. 

Neurin  has  been  obtained  by  Brieger  (1883)  in  the  putrefaction  of 
horse,  beef  and  human  flesh  for  five  or  six  days  in  summer.  It  also 
occurs  in  the  commercial,  so-called  “ neurin,”  together  with  cholin 
(Brieger,  I.,  34) ; in  commercial  25  per  cent,  cholin  (Schmidt). 
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Liebreich  obtained  it  in  the  decomposition  of  protagon  by  baryta. 
Gulewitsch  (1899),  however,  was  unable  to  confirm  this  change,  nor 
was  he  able  to  detect  neurin  in  fresh  brain  matter.  Liebreich's  re- 
sult may  possibly  be  due  to  the  use  of  partly  decomposed  organs,  in 
which  neurin  would  be  present  as  a result  of  the  bacterial  cleavage  of 
cholin.  Brieger  (I.,  60)  also  has  isolated  it  along  with  cholin 
from  fresh  human  brains  by  boiling  with  baryta,  but  did  not  obtain 
it  by  digesting  the  brains  on  the  water-bath  with  2 per  cent,  hydro- 
chloric acid.  It  has  been  found  in  putrid,  and  as  a result  of  this 
change,  poisonous  mushrooms  (Berlinerblau,  1888).  For  its  syn- 
thetic preparation,  see  Gulewitsch  ( Zeitsch . f.  physiol.  Chem.,  26,  175). 

The  genesis  of  neurin  is  still  rather  obscure,  and  it  is  to  be  hoped 
that  future  investigations  may  shed  more  light  upon  the  mysterious 
production  of  this  highly  poisonous  base.  Its  occurrence  in  the 
brain  together  with  cholin  would  seem  to  indicate  that  it  is  either 
derive^  from  cholin  by  the  removal  of  water,  or  that  it  exists  to- 
gether with  cholin,  partly  replacing  the  latter  in  the  molecule  of 
protagon  (lecithin),  according  to  the  hypothesis  put  forward  by 
Lippmann  (page  297). 

The  question  of  its  derivation  from  cholin  by  withdrawal  of  a 
molecule  of  water  was  subjected  early  to  an  interesting  experimental 
discussion.  Ch.  Gram  attempted  to  explain  the  production  of  neu- 
rin and  other  muscarin-like  ptomains  as  due  to  the  dehydrating  ac- 
tion of  the  acids  employed  in  the  methods  of  extraction,  and,  indeed, 
he  claimed  to  have  converted  cholin  platinochlorid,  by  heating  with 
hydrochloric  acid,  into  neurin.  This  statement  was  disputed  by 
Brieger,  and  by  others,  who  showed  that  the  platinochlorid  of  cholin, 
as  well  as  the  hydrochlorid,  may  be  heated  with  fifteen  or  thirty  per 
cent.,  or  even  concentrated  hydrochloric  acid,  for  six  to  eight  hours 
on  a water-bath  without  any  conversion  whatever  (III.,  15). 

That  neurin  may  be  obtained  from  cholin,  at  least  by  chemical 
processes,  was  shown  by  Baeyer,  in  1866,  who  found  that  cholin 
ehlorid,  when  heated  with  several  times  its  volume  of  concentrated 
hydriodic  acid  and  some  red  phosphorus,  gave  a compound  C5H13NI2 
which,  on  digestion  with  fresh,  moist  silver  oxid,  yielded  a vinyl 
base  identical  with  that  previously  obtained  synthetically  by  Hof- 
mann and  now  known  as  neurin.  In  Hofmann’s  method  for  the 
Synthesis  of  neurin  the  trimethylamin  ethylene  bromid  (see  synthesis 
of  cholin,  p.  296)  is  treated  with  fresh  moist  silver  oxid.  Schmidt 
and  Bode  have  shown  that  the  iodin  compound  resulting  from  the 
action  of  hydriodic  acid  on  cholin  is  the  same  as  that  formed  by  the 
action  of  the  acid  on  neurin  ; and  that  on  treatment  with  silver  oxid 
it  yields  neurin.  Cholin,  therefore,  may  be  readily  changed  into 
neurin.  On  the  other  hand,  since  neurin  with  hydriodic  acid  forms 
the  same  compound,  by  heating  with  silver  nitrate  cholin  is  formed. 
Hence  neurin  can  be  easily  re-converted  into  cholin  (Schmidt). 


NEURIN. 


291 


On  distilling  cholin  with  water,  or  on  dry  distillation,  a little 
neurin  forms  (Nothnagel).  Brieger  has  tried,  unsuccessfully,  to 
bring  about  this  dehydration  by  the  putrefaction  of  pure  cholin  (I., 
59).  However,  Schmidt  and  Weiss  (1887)  were  more  successful, 
and  they  found  that  cholin,  as  well  as  the  hydrocldorid  and  lactate, 
is  changed  by  the  action  of  microorganisms  into  the  strongly  poison- 
ous neurin.  Their  results  are  given  in  full  under  cholin  (see  page 
299).  More  recently  (1899)  Nesbitt  in  his  study  upon  auto-intoxi- 
cations endeavored  to  show  that  the  toxic  neurin  may  form  in  the 
intestines  by  the  dehydration  of  the  cholin  in  lecithin.  After  feed- 
ing dogs  on  yolk  of  eggs  for  several  days,  the  intestines  were  ligated 
and  eventually  the  contents  were  examined.  Cholin  was  found,  like- 
wise good  evidence  of  neurin,  and  a ptomain  mentioned  on  p.  260. 
From  what  has  been  said  it  is  evident  that  neurin  can  only  arise 
from  cholin,  and  this,  as  will  be  seen  later,  is  derived  from  lecithin. 
Cholin  may  be  kept  dry  or  in  aqueous  solution  for  four  months 
without  change  into  neurin  (Schmidt). 

Neurin  is  almost  invariably  accompanied  by  cholin,  from  which, 
however,  it  can  be  readily  separated  by  the  difference  in  the  solubil- 
ities of  the  platinochlorids.  It  occurs  in  the  mercuric  chlorid  pre- 
cipitate (and  in  the  filtrate),  and  from  this  it  can  be  obtained,  after 
removal  of  the  mercury,  by  precipitating  the  solution  of  the  mixed 
hydrochlorids  in  absolute  alcohol  by  platinum  chlorid.  The  platino- 
chlorids are  then  separated  by  recrystallization  from  water,  since  the 
neurin  is  difficultly  soluble,  while  the  cholin  salt  is  readily  soluble. 

* The  free  base  possesses  a strong  alkaline  reaction,  and  on  contact 
with  the  fumes  of  hydrochloric  acid  it  yields  a cloud.  It  liberates 
ammonia  from  its  salts  even  in  the  cold.  It  behaves  toward  the 
heavy  metals  like  a strong  base,  and  prevents  the  coagulation  of  albu- 

Imin  by  heat.  On  boiling  a concentrated  solution  of  neurin  it  yields 
trimethylamin.  It  is  not  affected  by  prolonged  boiling  with  baryta 
or  with  sodium  alcoholate.  According  to  Liebreich,  the  alkaline 
solution  cannot  be  neutralized  by  passing  through  it  carbonic  acid. 

With  hydriodic  acid  neurin  at  140°- 150°  forms  trimethylamin 
ethylene  iodid,  which,  on  treatment  with  silver  nitrate,  as  stated 
above,  forms  cholin,  or  on  treatment  with  silver  oxid  regenerates 
neurin  (Schmidt).  This  compound  is  the  same  as  that  prepared  by 
Baeyer.  It  melts  at  231°.  * 

Fuming  hydrobromic  acid  has  no  action  on  neurin  at  ordinary 
temperature  or  at  100°,  but  at  160°- 165°  it  yields  trimethylamin- 
ethylene  bromid,  which  behaves  with  silver  nitrate  or  oxid  as  above 
(Bode  and  Schmidt).  Thus : 

(1)  Br.N(CH,),.C,H4Br  + 2AgNOs  + 11,0  = NOJ.N(CH,),.C,H4OH  + 2AgBr  + 

HNOj. 

(2)  BrN(CHs),.C,H4Br  -f  Ag,0  = 0H.N(CH,),.CH.CH,  -f-  2AgBr. 
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This  bromin  compound  is  formed  in  the  synthesis  of  neurin  out 
of  trimethylamin  and  ethylene  bromid.  It  melts  at  230°,  is  soluble 
in  water  and  in  hot  alcohol  and  forms  stellate  masses  of  small  plates 
or  prisms.  With  freshly  precipitated  silver  oxid,  according  to 
equation  2,  it  yields  neurin. 

Hypochlorous  acid,  likewise,  breaks  up  the  vinyl  group  in  neurin 
to  form  a derivative  of  cholin,  which  with  silver  oxid  yields  iso- 
muscarin  (Bode). 

It  decomposes  readily  on  standing,  more  rapidly  on  heating  into 
trimethylamin. 

The  chlorid,  C5H12N.C1,  is  extremely  poisonous  and  crystallizes  in 
fine  hygroscopic  needles.  It  is  easily  soluble  in  water  and  alcohol. 
By  the  action  of  hypochlorous  acid  it  is  changed  to  iso-muscarin. 
For  behavior  to  alkaloidal  reagents,  see  Table  I.;  also  Gulewitsch. 

The  bromid,  Br.N(CH3)3.C2H3,  is  colorless,  wart-like  in  form, 
hygroscopic  and  easily  soluble  in  water  and  in  alcohol,  insoluble  in 
ether.  It  melts  at  193°  (Bode). 

The  iodid,  IN(CH3)3.C2H3,  forms  colorless,  permanent  needles; 
easily  soluble  in  water ; slightly  in  cold  alcohol,  easily  in  hot  alco- 
hol. When  heated  to  180°  it  becomes  yellow,  and  at  196°  it  melts 
(Bode). 

The  picrate  forms  feathery,  gold-yellow,  long  needles  which  when 
heated  rapidly  melt  with  decomposition  at  263°- 264°.  At  23° 
the  solubility  in  water  is  1:91.6.  On  heating  it  dissolves  more 
readily  in  water  and  in  alcohol  (Gulewitsch). 

The  platinochlorid,  (CsH12N.Cl)2PtCl4  (Pt  = 33. 60  per  cent.),  is  * 
difficultly  soluble  in  hot  water,  and  crystallizes  in  beautiful,  well 
formed,  small  octahedra  belonging  to  the  regular  system.  The 
crystals  are  always  single.  No  twin  crystals  are  observed.  Some- 
times the  crystals  contain  water  of  crystallization,  at  other  times 
they  do  not  (Brieger,  I.,  33).  It  melts  at  211°-213°  (Schmidt); 
213°-214°  (Bode) ; with  decomposition  at  195.5-198°  (Gulewitsch). 
According  to  Liebreich,  it  forms  from  an  aqueous  solution  in  five- 
or  six-sided,  heaped-up  plates  resembling  urea  nitrate,  while  from 
an  alcoholic  solution  it  forms  needles  which  on  exposure  to  air  be- 
come opaque  and  are  partially  converted  into  the  oxyethyl  base — 
cholin.  The  six-sided  plates  are  rarely  met  with  and  readily  show 
an  octahedral  relation  (Gulewitsch).  The  difficult  solubility  (at 
20.5°  it  is  1 :37.6  part  of  water),  octahedral  form,  always  single, 
and  the  melting-point  distinguish  it  perfectly  from  the  cholin  salt. 

The  aurochlorid,  C5H12N.C1.AuC13  (Au  = 46.37  per  cent.),  forms 
a yellow  cheesy  precipitate  which  on  recrystallization  yields  flat 
prisms  which  are  difficultly  soluble  in  hot  water  (Brieger).  At 
21.5°  it  dissolves  in  336.5  parts  of  water  (Gulewitsch).  Dissolves 
easily,  and  can  be  purified  by  crystallization  (Liebreich).  It  melts 
at  228°- 232°  (Gulewitsch);  238°- 239°  (Klein). 
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The  mercurochlorid  may  exist  in  two  forms:  C5H12NC1  + 6IfgCl2 
and  CjHjjNCI  -f  HgCl2.  The  former  yields  colorless,  dull,  very  frag- 
ile plate-like  crystals  which  are  difficultly  soluble  and  melt  at  230°- 
234°.  The  latter  forms  aggregates  of  very  narrow,  rather  long  frag- 
ile prisms,  which  are  more  soluble  in  water  than  the  preceding  and 
melt  at  198.5°  - 199.5°  (Gulewitsch). 

Physiological  Action. — Neurin  is  exceedingly  poisonous,  even  in 
small  doses,  and  in  its  action  it  strongly  partakes  of  the  character- 
istic stamp  of  poisoning  by  muscarin.  The  injection  of  a few  milli- 
grams into  frogs  produces  in  a short  time  a complete  paralysis  of 
the  extremities,  with  deadening  of  reflex  excitability.  Respiration 
stops  first,  while  the  rate  of  heart-beat  gradually  decreases  till, 
finally,  stoppage  in  diastole  takes  place.  The  injection  of  atropin 
at  this  point  does  away  with  the  effect  of  neurin,  so  that  the  heart 
begins  to  beat  again.  Previously  atropinized  frogs,  as  a rule,  with- 
stand the  action  of  the  poison.  Immediately  after  the  introduction 
of  this  substance  there  can  be  observed  a distinct  period  of  exalta- 
tion, which,  however,  soon  gives  way  to  the  characteristic  stage  of 
depression  seen  in  the  progressive  slowing  of  the  rate  of  heart-beat. 
Of  the  warm-blooded  animals,  cats  seem  to  be  much  more  sensitive 
to  its  action  than  mice,  rabbits  or  guinea-pigs.  The  symptoms  seen 
in  rabbits  are  profuse  moistening  of  the  nasal  cavities  and  upper 
lip,  which  is  succeeded  by  an  intensely  profuse  salivation ; later 
on  there  is  noticeable  an  abundant  secretion  from  the  nasal  mucous 
membrane  and  from  the  eyes ; the  latter,  however,  ceases  in  a short 
time.  The  movements  of  the  heart  and  of  respiration  are  at  first 
quickened  and  strengthened,  but  before  long  the  paralytic  effects 
produce  a constant  slowing  and  weakening  till  finally  complete  ces- 
sation of  both  movements  results.  The  decided  dyspnoea  observed 
gradually  alters  its  character,  and  just  before  death  the  respiration 
is  irregular  and  superficial.  The  heart,  as  in  frogs,  continues  to 
beat  after  the  respiratory  movements  have  ceased  and  finally  it 
stops  in  diastole.  Direct  application  of  concentrated  solutions  of 
the  poison  to  the  eyes  produces  almost  always  a contraction  of  the 
pupil,  while  a similar  but  less  constant  contraction  is  seen  when 
it  is  injected.  The  peristaltic  action  of  the  intestines  is  height- 
ened to  such  an  extent  that  continual  evacuation  takes  place.  Just 
before  death,  violent  clonic  convulsions  occur.  Atropin  pos- 
sesses a strong  antagonistic  action  toward  neurin  and  the  injection 
ot  even  a small  quantity  is  sufficient  to  dispel  the  symptoms  just 
described. 

Cholin,  CsH16N02  = C2H/)H.N(CH3)3.OH.— This  base  is  iden- 
tical with  the  sinkalin  of  von  Babo,  the  bilineurin  of  Liebreich,  and 
the  neurin  of  Baeyer,  Marino-Zuco,  and  others.  According  to 
Schmiedeberg  and  Harnack,  it  is  identical  with  Letellier’s  amanitin 
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(agaricin),  to  which  they  assign,  however,  the  formula  (CH  1 N. 
(CHOH.CH3)OH.  v 3'3 

Cholin  was  first  prepared  and  so  named  by  Strecker,  1862,  by 
treating  hog-bile  with  hydrochloric  acid.  It  was  prepared  synthet- 
ically by  Wurtz  (1868)  by  direct  union  of  ethylene  chlorhydrin  and 
trimethylamin.  The  reaction  that  takes  place  can  be  represented 
by  the  equation  : 


OH 

Cl 


+ 


CH, 

CH 

CH 


•:}*= 


CH, 


CH, 


CH, 

C,H,.OH 


s NCI. 


Baeyer  (1866)  obtained  it  by  boiling  an  alcoholic  extract  of  the 
brain  with  baryta  water;  and  Liebreich,  in  1869,  showed  that  if 
the  alcoholic  extract  from  which  all  the  protagon  had  been  re- 
moved be  thus  treated  only  cholin  is  formed,  whereas  pure  prota- 
gon on  heating  with  baryta  yields  neurin  (not  confirmed  by  Gule- 
witsch).  It  has  been  obtained  from  the  yolk  of  eggs  ; from  bile ; 
from  fresh  brains  (Brieger)  ; from  fresh  eggs,  blood,  lungs*  and 
hearts,  and  from  lecithin  (Marino-Zuco)  ; from  human  placenta 
(Bohm) ; from  the  eye  ; from  commercial  neurin  (Brieger) ; neurin 
was  found  in  a specimen  of  commercial  cholin  (Schmidt)  ; in  com- 
mercial muscarin  sulphate  (Nothnagel)  ; from  fresh  as  well  as  de- 
composing internal  organs  of  the  cadaver  (Brieger,  1885);  in  fresh 
blood  (neurin  of  Marino-Zuco  and  Martini) ; from  herring-brine 
#nd  decomposing  pike,  three  days  in  midsummer  (Bocklisch).  It 
has  also  been  isolated  from  cultures  of  vibrio  proteus  (Bocklisch, 
Carbone)  and  of  comma  bacillus  (Brieger).  Ehrenberg  (1887) 
found  it  in  poisonous  sausages,  and  by  growing  a bacillus  obtained 
from  this  on  liver.  Gulewitsch  has  isolated  cholin  from  horseflesh, 
putrefying  at  15°  for  four  months,  together  with  cadaverin  and 
probably  muscarin.  It  has  been  found  in  the  intestines  of  dogs 
together  with  neurin  and  another  ptomain  (p.  260)  (Nesbitt) ; and 
in  fermented  fish  together  with  various  amines  (Morner). 

According  to  Halliburton  (1901)  cholin  can  be  extracted  from 
fresh  brains  by  means  of  physiological  salt  solution.  The  fact  that 
this  base  readily  forms  in  the  disintegration  of  nerve  tissue  has  led 
to  the  belief  that  it  may  be  a most  important  factor  in  auto-intoxi- 
cations.  Halliburton  has  found  cholin  in  traces  in  the  cerebro-spinal 
fluid  and  in  the  blood  in  nerve  degenerations  and  during  the  convul- 
sive seizures  in  general  paralysis  of  the  insane,  and  hence  he  regards 
this  condition  as  probably  due  to  cholin  poisoning  although  other 
products  may  be  also  present.  In  regard  to  the  possible  conversion 
of  cholin  into  neurin  and  the  presence  of  the  latter  in  auto-intoxi- 
cations, see  pages  291  and  299.  See  also  Florence’s  crystals. 

Not  only  has  cholin  been  met  with  in  the  animal  tissues,  but  it 
has  also  been  observed  within  the  last  few  years  to  be  very  widely 
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distributed  in  the  vegetable  kingdom,  especially  so  in  fatty  seeds. 
Thus  it  has  been  found  (Harnack,  1876)  accompanying  muscarin  in 
toadstool  (Agaricus  muscarius) ; in  hops,  and  hence  in  beer  (Griess 
and  Harrow) ; in  the  seeds  of  Trigonella,  in  Indian  hemp,  areca- 
and  earth-nuts,  hemp  seeds  and  lentils  (Jahns)  ; in  the  seeds  of  white 
mustard,  as  a glycosid  (von  Babo)  ; in  ergot  (Brieger) ; in  the  germs 
of  pumpkins  and  lupines  (Schulze,  Zeiisohr.  f.  physiol.  Chem.,  11, 
365)  ; in  beech-nuts  and  morels  (Helvella  esculents,  Boletus  luridus, 
Amanita  pautherina,  Bohm) ; in  flores  sambuci  (elder),  and  extracts 
of  belladonna,  hyoscyamus,  ipecacuanha  root  and  Acorus  calamus 
(Kunz),  ipecacuanha  root  (Arndt),  and  Scopolia  Japonica  (Schmidt, 
and  Henschke) ; in  the  sprouts  and  cotyledons  of  Soja  beans  (Schulze, 

1888) ,  in  the  fat  from  hog’s  bean,  vetch,  peas  and  lupines  (Jacobson, 

1889)  ; from  the  lecithin  of  lupine  seeds  (Schulze  and  Steiger)  ; and 
in  Cheken  leaves  (Myrtus  cheken,  Weiss).  According  to  Lippmann 
(Bcr.,  20,  3206),  it  is  present  together  with  betain  in  the  molasses 
from  beet-root  sugar.  Cholin  (Ritthausen)  and  betain  (Bohm)  exist 
together  in  cotton-seeds ; hence,  cholin  occurs  in  the  press-cakes 
from  cotton-seeds  (Bohm).  Maxwell  by  extraction  of  cotton-seed 
cake  with  alcohol  obtained  about  five  times  as  much  betain  as  cholin. 
With  betain  it  occurs  in  worm-seed  (Artemisia  Cina,  Jahns);  in 
sprouts  of  malt  and  wheat  (Schulze  and  Frankfurt).  According  to 
Schulze,  and  also  Ritthausen,  cholin  occurs  with  betain  and  another 
base  in  the  seed  of  the  vetch,  and  in  peas  with  a base  resembling 
betain.  The  two  bases  have  also  been  found  together  in  the  roots 
and  leaves  of  Scopolia  atropoides  by  Siebert. 

Partheil  found  cholin,  but  not  betain,  in  the  seeds  of  Cytisus 
laburnum.  Kresling  obtained  it  from  the  pollen  of  the  fir,  Pinus 
sylvestris. 

Schulze  ‘and  his  pupils  have  shown  that  arginin,  cholin,  and  xan- 
thin  bases  occur  in  lupine  sprouts.  The  same  compounds  with  ver- 
nin  occur  in  gourd  sprouts,  whereas  in  the  sprouts  of  Vicia  sativa, 
betain,  cholin,  and  guanidin  are  present.  The  latter  is  undoubtedly 
derived  from  arginin,  which  see. 

Cholin  may  readily  be  prepared,  after  the  method  of  Diakonow, 
from  the  yolk  of  eggs.  These  are  extracted  with  ether,  then  with 
alcohol,  and  the  extracts  thus  obtained  evaporated,  when  the  result- 
ing residues  are  boiled  with  baryta  for  one  hour.  The  filtrate,  after 
the  removal  of  the  barium  by  carbonic  acid,  is  evaporated  and  the 
residue  is  extracted  with  absolute  alcohol.  The  alcoholic  solution  is 
now  precipitated  with  platinum  chlorid.  Brieger  (II.,  55)  has  pre- 
sented a method  which  is  much  simpler  in  its  details  and  obviates 
the  use  of  the  expensive  platinum  chlorid.  The  tissues  rich  in 
lecithin,  as  yolk  of  eggs,  brain,  etc.,  are  heated  with  concentrated 
hydrochloric  acid  for  some  hours  on  the  water-bath.  The  insoluble 
residue  is  filtered  off,  and  the  filtrate,  after  neutralization  of  the  ex- 
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cess  of  ^free  acid  with  carbonate  of  sodium,  is  evaporated.  The 
residue  is  extracted  with  alcohol,  and  the  alcoholic  solution  is  pre- 
cipitated with  alcoholic  mercuric  chlorid.  The  precipitate  thus  ob- 
tained, on  recrystallization  several  times  from  a large  quantity  of 
boiling  water,  yields  the  pure  double  salt  of  cholin. 

If  desirable,  it  can  be  made  from  pure  lecithin,  best  prepared  ac- 
cording to  Gilson’s  method.  Yolk  of  eggs  is  repeatedly  shaken  up 
with  ether  until  the  latter  is  colored  only  a faint  yellow ; the  ether 
solution  then  distilled,  the  residue  taken  up  in  petroleum  ether  and 
filtered.  The  filtrate,  in  a separatory  funnel,  is  well  shaken  with  75 
per  cent,  alcohol,  and  this  is  repeated  several  times  with  fresh  alco- 
hol. The  alcoholic  extracts  are  combined,  allowed  to  stand  for  some 
time,  then  filtered  and  subjected  to  distillation  to  remove  traces  of 
petroleum  ether.  The  solution  is  now  set  aside  in  a cool  place  for 
several  days  ; the  precipitate  which  forms  consists  of  cholesterin,  etc., 
and  a little  lecithin.  The  alcoholic  solution  is  filtered  by  decanta- 
tion, then  decolored  by  boiling  with  bone-black  and  rapidly  evaporated 
at  50°—  60°  to  a syrupy  consistency.  This  residue  is  extracted  with 
ether,  the  solution  filtered  and  evaporated.  The  lecithin  thus  ob- 
tained is  almost  perfectly  pure  but  contains  traces  of  cholesterin. 
To  purify  it  completely,  it  can  be  dissolved  in  as  little  absolute 
alcohol  as  possible  and  set  aside  to  precipitate  in  the  cold  (5°-15°). 

Cholin  may  be  prepared  synthetically  according  to  the  method  of 
Wurtz  (see  Gulewitsch,  Zeitechr.  f.  physiol.  Chem.,  24,  514)  or  of 
Hofmann  and  Bode.  In  the  latter  ethylene  bromid  is  heated  with 
excess  of  alcoholic  trimethylamin.  The  resulting  bromin  compound 
is  treated  with  silver  nitrate,  filtered,  and  the  filtrate  heated  oh  the 
water-bath  for  about  eight  days  yields  cholin  nitrate.  This  is  the 
easiest  and  cheapest  method  of  preparation.  It  may  be  prepared 
from  neurin  (p.  290). 

In  regard  to  the  genesis  of  cholin  the  preponderance  of  testimony 
goes  to  show  that  it  is  derived  from  the  decomposition  of  lecithin 
which,  according  to  the  researches  of  Diakonow  and  others,  is  one 
of  the  most  widely  distributed  compounds  occurring  in  greater  or 
less  quantity  in  all  of  the  animal  tissues.  Lecithin  which  is  a com- 
plex ester,  decomposes  under  the  action  of  acids  and  alkalis  into  a 
base  (cholin),  glycerin,  phosphoric  acid  and  fatty  acids  (stearic,  oleic, 
palmitic,  etc.).  Gilson  has  shown  that  dilute  sulphuric  acid  slowly 
decomposes  lecithin,  forming  cholin  which,  after  a few  days,  disap- 
pears ; on  the  other  hand  sodium  hydrate,  in  even  1 per  cent,  solu- 
tion, rapidly  decomposes  it.  This  change  is  undoubtedly  accom- 
plished in  a similar  manner  through  the  agency  of  bacteria.  Brieger 
(II.,  17)  is  inclined  to  believe  that  cholin  exists  preformed  in  the 
various  tissues  inasmuch  as  he  has  been  unable  to  obtain  it  from  the 
brain,  which  is  rich  in  lecithin,  by  boiling  with  2 per  cent,  hydro- 
chloric acid.  (See  Schulze,  page  298.)  Prolonged  heating  with 
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concentrated  hydrochloric  acid  was  necessary  in  order  to  obtain  any 
choliu  from  the  brain.  This  result  of  Brieger’s  is  somewhat  at  var- 
iance with  that  of  Marino-Zuco  (see  Relazione,  etc.,  pages  29,  30 
and  38)  who  obtained  from  25  grams  of  lecithin,  by  the  method  of 
Stas,  a small  quantity  of  the  aurochlorid  of  a base,  while  from  a sim- 
ilar amount  he  obtained  more  relevant  quantities  by  the  method  of 
Dragendorff. 

The  occurrence  of  cholin  in  the  vegetable  kingdom  would  be  in- 
explicable to  us  at  present  were  it  not  that  we  now  know  of  the  ex- 
istence of  lecithin-like  bodies  in  plants,  from  the  decomposition  of 
which  substantially  the  same  products  are  obtained  as  from  the 
lecithin  obtained  from  the  animal  tissues.  The  existence  of  such  a 
body  in  plants  was  first  predicted  by  Scheibler  in  1870,  who  was 
led  to  this  conclusion  in  his  celebrated  study  of  beet-root  sugar 
because  of  the  presence  of  oleic  acid,  glycerin,  phosphoric  acid,  and 
betain,  as  well  as  cholesterin,  in  the  beet-root  extracts.  This  hy- 
pothesis was  confirmed  by  Hoppe-Seyler,  who,  in  1879,  found  a 
lecithin-substance  in  yeast.  Schulze  found  a similar  compound  in 
the  cotyledons  of  lupine,  while  Jacobson  observed  its  presence  in 
mustard-seeds,  in  fenugreek-seeds,  in  maize  and  wheat,  in  the  fat 
from  beans,  peas,  vetch,  and  lupines.  Heckel  showed  its  presence 
in  globularia,  and  Lippmann  has  found  it  in  beet-root.  According 
to  Hoppe-Seyler,  this  lecithin-like  substance  exists  in  all  vegetable 
cells  undergoing  development.  Schulze  and  Likiernik  (1891)  were 
the  first  to  prepare  lecithin  in  a pure  condition  from  plants.  It 
was  found  to  possess  the  same  properties  and  yield  the  same  decom- 
position products  as  lecithin  from  animal  tissues.  Up  to  the  present 
time  lecithin  has  always  been  supposed  to  contain,  as  an  essential 
component,  a radical  which  gives  rise  to  cholin  on  saponification, 
while  on  the  other  hand  the  fatty  acids  entering  its  molecule  are 
well  known  to  be  replaceable  by  one  another.  Thus  we  may  have 
a di-stearin  lecithin  as  well  as  di-olein  lecithin.  The  existence  of 
several  lecithins  in  the  yolk  of  eggs  has  been  recognized  for  some 
time,  and  according  to  Schulze  and  Likiernik  this  is  also  true  of  the 
lecithins  in  plants.  Recent  observations  of  Lippmann  (Ber.,  20, 
3206)  show  that  the  above  basic  radical,  hitherto  regarded  as  con- 
stant in  lecithin,  may  possibly  be  capable  of  replacement  by  other 
similar  radicals.  He  found  on  saponifying  with  baryta  two  different 
specimens  of  lecithin,  both  obtained  from  beet-root,  that  while  one  of 
them  yielded  oleic  acid,  glycerin,  phosphoric  acid,  and  betain,  the 
other  lecithin  gave  oleic  acid  (and  some  other  fatty  acids),  glycerin, 
phosphoric  acid,  and  cholin,  with  no  betain — at  least  not  in  isolable 
quantity.  This  remarkable  difference  has  led  Lippmann  to  suggest 
an  explanation  which,  while  it  may  not  be  the  correct  one,  neverthe- 
less possesses  a high  degree  of  probability.  According  to  him,  the 
lecithin  molecule  may  contain  interchangeable  basic  radicals  in  the 
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same  manner  that  it  contains  interchangeable  acid  radicals.  This 
view  is  supported  not  only  in  the  case  of  beet-root,  where  cholin  and 
betain  exist  together,  but  the  same  two  bases  have  been  observed  in 
cotton-seed.  A similar  coexistence  was  observed  in  the  toad-stool 
(Agaricus  muscarius),  in  which  cholin  and  musearin  were  found. 
And,  lastly,  the  same  condition  holds  true  probably  for  mytilotoxin 
and  betain,  which  were  shown  to  be  present  together  in  poisonous 
mussels. 

Lecithin  cannot  always  be  regarded  as  the  source  of  cholin  in 
plants,  since  this  base  is  known  to  occur  as  a glucosid  in  the  seeds 
of  white  mustard.  The  sinapin  decomposes  according  to  the  equa- 
tion : . 

CiJI2SN05  + 2H,0  = C5HI5NO,  + CuHjA- 

Sinapin.  Cholin.  Sinapic  Acid. 

According  to  Schulze  (1891),  the  cholin  which  is  isolated  from 
pea-  and  vetch-seeds  exists  preformed  in  the  seeds  and  does  not  re- 
sult from  lecithin  by  the  process  of  extraction.  This  is  also  proba- 
bly true  with  reference  to  cotton-seed  cake.  The  condition  in  which 
betain  exists  is  not  determined. 

Decompositions  of  Cholin. — Baeyer  (1866)  succeeded  in  con- 
verting cholin  into  neurin  by  a purely  chemical  process.  This  was 
accomplished  by  heating  cholin  chlorid  with  concentrated  hydriodic 
acid  and  red  phosphorus  in  a sealed  tube  at  120°— 150°,  whereby  the 
compound  C5H1SNI2  was  formed.  Fuming  hydrobromic  acid  heated 
to  160°- 170°  may  also  be  employed.  The  iod-iodid  of  cholin  thus 
obtained,  on  treatment  with  moist  silver  oxid  (page  290),  gave  a 
base,  the  platinochlorid  of  which  corresponded  to  the  formula 
(C5H12NCl)2PtCl4  + H20.  This  double  salt,  according  to  Baeyer, 
is  readily  soluble  in  water  and  gives  reactions  similar  to  cholin. 
Although  Baeyer  is  emphatic  in  his  assertion  that  this  is  the  vinyl 
compound  (neurin)  formed  from  the  oxyethyl  base  (cholin),  yet  it 
seems  that  there  is  room  for  doubt  in  regard  to  the  interpretation 
of  his  results.  Thus  neurin  platinochlorid  is  difficultly  soluble  in 
water,  contrary  to  the  behavior  of  the  platinochlorid  obtained  by 
him.  On  the  other  hand,  cholin  platinochlorid  is  easily  soluble  in 
water,  and  it  would  seem,  therefore,  that  Baeyer  has  not  converted 
cholin  into  neurin,  but  rather  has  regenerated  cholin  from  its  iod- 
iodid.  If  such  were  the  case,  we  would  expect  that  the  iod-iodid  of 
neurin,  C5H13NI0,  which  has  the  same  composition  as  the  corre- 
sponding derivative  of  cholin,  would  yield,  on  treatment  with 
silver  oxid,  the  oxyethyl  base.  Baeyer  was  apparently  not  able  to 
effect  this  change,  since  he  held  that  the  vinyl  base  may  be  pre- 
pared from  the  oxyethyl,  but  that  the  reverse,  the  preparation  of 
the  oxyethyl  base  from  the  vinyl  compound,  could  not  be  brought 
about.  This,  however,  has  been  successfully  accomplished  by 
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Schmidt.  Neurin  can  be  changed  into  cholin,  and  vice  versa  cholin 
can  be  changed  into  neurin  (page  200). 

Whether  the  change  described  by  Baeyer  takes  place  or  not,  it  is 
nevertheless  certain  that  cholin  does  not  readily  give  up  a molecule 
of  water,  and  thus  become  converted  into  neurin.  Ch.  Gram  an- 
nounced, in  1886,  that  cholin  chlorid  and  lactate,  on  heating  on  the 
water-bath  with  dilute  hydrochloric  acid,  decompose  and  that  this 
conversion  into  the  vinyl  base  was  easy  and  complete  when  the  aque- 
ous hydrochloric  acid  solution  of  cholin  platinochlorid  was  heated 
for  five  or  six  hours  on  the  water-bath.  In  this  way  Gram  endeav- 
ored to  explain  the  formation  of  neurin  as  due  to  the  action  of  acids 
upon  cholin,  but  Brieger  has  shown  that  the  platinum  salt  of  cholin, 
as  well  as  its  hydrochlorid,  can  be  heated  with  fifteen  or  thirty  per 
cent.,  or  even  concentrated  hydrochloric  acid  for  six  or  eight  hours 
without  undergoing  any  change  into  neurin,  thus  disproving  the  re- 
sults obtained  by  Gram.  E.  Schmidt  and  Weiss  have  independently 
confirmed  Brieger’s  observations  in  regard  to  the  resistance  of  cholin 
to  decomposition  by  acids.  Schmidt  has  gone  further,  and  has 
shown  by  an  examination  of  Gram’s  original  preparations  that  it  was 
cholin  and  not  neurin.  Gulewitsch  (1894)  was  likewise  unable  to 
split  up  cholin  by  acids  into  neurin.  What  the  action  of  acids  has 
failed  to  do  is  probably  accomplished  through  the  agency  of  bacteria. 
Schmidt  found  that  cholin  chlorid,  when  allowed  to  stand  with  hay 
infusion,  or  with  dilute  blood,  for  fourteen  days  at  20°—  30°,  decom- 
posed almost  entirely,  yielding  large  quantities  of  trimethylamin  and 
a base,  the  platinochlorid  of  which  resembles  in  form  and  solubility 
the  double  salt  of  neurin  and  possesses  a similar  physiological  action. 
When  allowed  to  decompose  for  ten  days  at  30°-33°  neither  cholin 
nor  neurin  was  present.  Cholin  lactate  in  hay  infusion  developed  an 
odor  of  trimethylamin  in  twelve  hours,  but  at  the  end  of  fourteen 
days  a good  deal  of  cholin  was. still  present.  In  this  case  no  neurin 
was  present,  but  instead  a homologous  base  was  found  which  can  be 
obtained  synthetically  by  the  action  of  trimethylamin  on  allyl  bro- 
mid.  According  to  Meyer,  of  Marburg,  this  base  does  not  possess 
the  muscarin-like  action  of  neurin,  but  resembles  more  closely  pilo- 
carpin. 

The  decomposition  of  cholin  by  putrefaction  into  neurin,  and  pos- 
sibly muscarin,  highly  poisonous  bases,  may  explain  the  production 
of  poisons  in  foods.  Nesbitt  has  in  like  manner  endeavored  to  show 
that  intestinal  auto-intoxication  may  be  due  to  the  formation  of  neu- 
rin  out  of  the  cholin  derived  from  the  food  lecithin  (p.  291).  The 
similar  view  that  mental  disorders  might  be  due  to  neurin  formation 
in  the  brain  led  Gulewitsch  (1899)  to  examine  the  leucoma'ins  of 
perfectly  fresh  brain.  He  obtained  cholin,  two  bases  (possibly  di- 
amins)  and  urea,  but  no  neurin.  Neither  was  he  able  to  confirm 
Liebreich’s  view  that  protagon  gave  neurin  (p.  290). 
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Brieger  (I.,  59)  had  unsuccessfully  tried  to  transform  cholin  into 
neurin  by  putrefaction.  He  observed  that  the  cholin  decomposed 
with  extreme  slowness,  even  when  the  putrefaction  was  carried  on  at 
a higher  temperature,  yielding  only  trimethylamin.  Wurtz  (1868) 
showed  that  dilute  solutions  of  free  cholin  can  be  heated  to  boiling 
without  any  perceptible  decomposition.  Concentrated  solutions, 
however,  decompose  with  the  formation  of  trimethylamin  and  glycol, 
Qj®4(OH)2  (see  PaSe  250).  The  decomposition  of  cholin  was  studied 
somewhat  by  Mauthner  (1873)  who  confirmed  Wurtz’s  observation 
that  cholin  was  scarcely  decomposed  by  boiling  water,  and  he  showed 
that  when  exposed  to  the  action  of  decomposing  blood  it  yielded 
trimethylamin.  The  results  obtained  by  K.  Hasebroek  ( Zeitschrifl 
f.  ‘physiol.  Chem.,  12,  151,  1888)  deserve  special  mention  at  this 
place.  He  carried  on  the  putrefaction  of  very  dilute  solutions  of  the 
chlorid  of  cholin  in  the  presence  of  little  or  no  oxygen  in  Hoppe- 
Seyler  fermentation  flasks.  Sewer  slime,  because  of  its  strong  fer- 
mentative properties,  was  used  to  induce  the  putrefaction,  and  cal- 
cium carbonate  was  added  to  neutralize  any  acidity  that  might 
develop  during  the  fermentation. 

The  fermentation,  as  shown  by  the  evolution  of  gases,  lasted  for 
about  three  months.  The  total  quantity  of  gas  given  off'  was  about 
one  liter  from  1.17  grams  cholin  chlorid.  The  gases  consisted  almost 
entirely  of  carbonic  acid  and  marsh  gas.  No  hydrogen  was  evolved. 
When  the  fermentation  ceased  the  flask  was  opened  and  several  cubic 
centimeters  of  the  almost  neutral  clear  liquid  were  injected  under 
the  skin  of  a rabbit  without  producing  the  least  effect. 

This  liquid  distilled  with  alkali  gave  methylamin  and  ammonia. 
What  is  remarkable  about  this  experiment  was  the  total  absence 
of  the  higher  amins — as,  for  instance,  trimethylamin,  which  has  been 
observed  so  many  times  as  a decomposition  product  of  cholin.  The 
absence  of  any  poisonous  base,  as  neurin,  was  probably  largely 
connected  with  the  absence  of  oxygen. 

Free  cholin  ordinarily  forms  a strongly  alkaline  syrup  which  com- 
bines readily  with  acids  to  form  salts,  most  of  which  are  deliquescent. 
By  oxidation  it  is  converted  into  betain  (see  page  305),  and  on  treat- 
ment with  concentrated  nitric  acid  it  gives  rise  to  a muscarin  (see 
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By  the  action  of  dilute  nitric  acid  cholin  is  converted  almost  wholly 
into  a base  the  platinochlorid  of  which  is  efflorescent,  and  forms 
large,  bright  crystals  grouped  in  bunches.  It  corresponds  to  the 
formula  (C4H10N2O3Cl)PtCl4  -f  2II20  (Schmiedeberg  and  Harnack). 

Nothuagel  isolated  the  same  substance,  but  on  attempting  to  con- 
vert the  platinum  salt  into  the  gold  compound,  he  obtained  the 
aurochlorid  of  trimethylamin.  The  nature  of  this  base,  which  is 
formed  also  in  small  quantity  on  oxidation  with  concentrated  nitric 
acid,  is  uncertain. 

According  to  Mauthner,  cholin  resembles  the  caustic  alkalis  in  its 
action.  Although  putrefying  blood  decomposes  it  into  trimethyl- 
amin, yet,  when  present  in  the  proportion  of  1.4  per  cent.,  it  is  said 
to  arrest  putrefaction.  A 1 to  2 per  cent,  solution  like  strong  alkali 
dissolves  fibrin  or  coagulated  albumin  on  boiling. 

Nothnagel  has  shown,  contrary  to  Arndt,  that  cholin  cannot  be 
distilled  unchanged  with  baryta  water.  It  is  decomposed  into  tri- 
methylamin. On  distillation  with  water  it  yields  a few  drops  of  an 
aldehyde  body,  a little  neurin  (?),  and  trimethylamin.  On  dry  dis- 
tillation of  cholin  it  yields  also  a little  of  the  aldehyde  body,  a little 
neurin  (?),  and  chiefly  cholin.  The  latter  probably  results  from  re- 
combination in  the  distillate  of  the  trimethylamin,  ethylene  oxid, 
and  water.  In  general  it  may  be  said  that  concentrated,  but  not  di- 
lute, solutions  are  decomposed  by  boiling. 

The  free  base  forms  a syrupy  liquid  which  eagerly  takes  up  car- 
bonic acid  from  the  air  and  is  converted  into  the  carbonate  which 
forms  elongated  six-sided  plates.  The  base  is  easily  soluble  in  water 
and  in  absolute  alcohol  but  is  insoluble  in  chloroform  or  in  ether 
(Gulewitsch). 

The  chlorid,  CsHuNO.Cl,  is  easily  soluble  in  water  and  in  abso- 
lute alcohol  (separation  from  neuridin  hydrochlorid  and  from  betain). 
It  is  insoluble  in  ether,  chloroform  and  benzol.  From  alkaline 
solution  traces  are  dissolved  by  amyl  alcohol.  It  crystallizes  over 
sulphuric  acid  to  needles  which  readily  deliquesce  in  the  air.  Potas- 
sium mercuric  iodid  produces  in  solution  of  the  chlorid  a crystalline 
precipitate.  For  the  behavior  to  other  reagents  see  Table  I (also 
Gulewitsch).  The  nitrate  possesses  the  formula  : 

( CH3 )s.N(N03). CH,. CH,OH.  ( Schmidt ) . 

The  bromid,  Br.N(CIi3)3.C2H4OH,  forms  rather  long,  colorless 
rhombic  plates  when  ether  is  added  to  an  absolute  alcohol  solution 
of  the  salt.  It  deliquesces  very  rapidly  in  the  air  and  is  decomposed 
by  sunlight,  changing  color  to  violet  and  brown  (Nothnagel). 

The  iodid,  I.N(CH3)3.C,H4OH,  can  be  crystallized  in  the  same 
way  as  the  bromid.  It  is  less  deliquescent  and  is  turned  yellow  by 
sunlight  (Nothnagel). 

The  platinochlorid,  (C,IIHNO.Cl)2PtCl4  (Pt  = 31.64  per  cent.), 
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presents  an  interesting  case  of  trimorphism.  It  crystallizes  in  mono- 
clinic plates  (Rinne)  which  are  easily  soluble  in  water  (1  to  5.82 
parts  at  21°,  G.)  insoluble  in  alcohol,  ether,  chloroform,  benzol ; also 
in  characteristic  superposed  plates,  sometimes  in  the  form  of  orange- 
red  flat  prisms  (Brieger).  From  a warm  saturated  solution  contain- 
ing 15  per  cent,  alcohol  it  crystallizes  in  yellow  regular  octahedra 
containing  one  molecule  of  water  of  crystallization,  from  aqueous 
solutions  in  six-sided  plates  (Jahns) ; from  aqueous  solution  on  slow 
evaporation  it  forms  plates,  clinorhombic  plates,  or  needles  (Hoppe- 
Seyler)  which  are  anhydrous.  When  rapidly  crystallized  it  forms 
prisms  (Hundeshagen,  Jahns,  Schulze);  and  if  the  solution  is  con- 
centrated the  prisms  are  very  thin,  almost  needles.  According  to 
Schulze,  it  sometimes  forms  beautiful  orange-red,  chiefly  six-sided 
plates.  It  is  easily  soluble,  forming  splendid,  very  large,  red,  super- 
posed monoclinic  plates ; may  crystallize  from  cold  saturated  aqueous 
solution  in  large,  prismatic,  or  needle-shaped  crystals  (Schmidt). 
Jahns  maintained  that  the  plates  and  prisms  belong  to  the  same 
system ; while  Hundeshagen  held  that  they  are  distinct.  Instead 
of  the  salt  presenting  an  instance  of  trimorphism  as  first  stated  by 
Hundeshagen,  it  would  seem  that  but  two  forms  occur — anhydrous 
monoclinic  and  octahedra  with  one  molecule  of  water  of  crystalliza- 
tion. It  contains  always  more  or  less  water  of  crystallization,  which 
it  does  not  give  up  completely  over  sulphuric  acid,  but  only  at  110° 
(Brieger).  The  natural  platinochlorid  becomes  strongly  electric  on 
rubbing,  whereas  the  synthetic  cholin  double  salt  does  not  become 
electric.  It  melts  at  225°  with  effervescence  (Jahns) ; at  about  238° 
(Partheil) ; at  233°- 234°  (Bode) ; at  232°-233°,  and  more  often 
at  240°- 241°  (Schmidt),  with  marked  effervescence.  The  synthetic 
salt  melts  at  213°- 216°  (Gulewitsch).  The  solubility,  crystalline 
form  and  melting-point  render  it  wholly  different  from  neurin. 
The  properties  of  this  and  other  salts  of  cholin  have  been  carefully 
reexamined  by  Gulewitsch  (1898). 

The  aurochlorid,  CsH14NO.C1.AuC13  (Au  = 44.48  per  cent.),  is 
crystalline  and  is  difficultly  soluble  in  cold  water,  but  can  be  recrys- 
tallized from  hot  water  or  from  boiling  alcohol.  It  forms  prisms, 
or  gold-yellow  long  needles  which  are  very  easily  soluble  in  hot 
water  and  alcohol  (Lippmann).  It  may  form  cubes  and  at  23.5°  it 
dissolves  in  67.2  parts  of  water  (G.).  It  can  be  separated  from 
neuridin  aurochlorid  by  its  solubility  in  water  (Brieger).  On  heat- 
ing the  gold  salt  melts  to  a brown  liquid  (Schulze),  and  decomposes 
at  264°.  It  melts  at  244°- 245°  (Siebert,  Jahns);  at  245°- 246° 
(Schmidt) ; at  241°-243°  (G.). 

The  picrate,  CSH14N0.0C6H2(N02)3,  forms  long,  broad  needles 
which  are  more  easily  soluble  than  neuridin  picrate,  and  hence  can 
be  separated  by  recrystallization.  It  is  more  easily  soluble  in  alco- 
hol than  in  water. 
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The  mercurochlorid,  CsHuNO.Cl-}-6HgCl2,  is  difficultly  soluble 
even  in  hot  water.  On  this  account  the  mercury  salt  is  very  con- 
venient for  the  separation  of  cholin  from  accompanying  bases.  It 
is  very  difficult  to  separate  cholin  from  cadaverin  mercurochlorid 
on  account  of  the  similarity  in  solubilities.  Gulewitsch  secured  a 
separation  by  fractional  precipitation  and  fractional  solution.  It 
forms  small,  short,  cross-shaped  prisms.  It  melts  at  249°- 251° 
(G.) ; at  242°  (Morner).  Its  solubility  in  water  is  1 : 56.6  at  24.5° 
(Gulewitsch);  at  1 : 66.6,  19.5°  (Morner).  Like  creatinin  it  yields 
a crystalline  precipitate  with  alcoholic  zinc  chlorid  (G.). 

Lactocholin,  cj; n ( Cb£ CH^CH,O.OC/  CH-CH-  This  compound 

was  obtained  by  Schmidt  by  heating  an  aqueous  solution  of  cholin 
lactate  on  a water-bath  for  six  days.  The  platinochlorid  forms  long 
prismatic  crystals  with  roof-shaped  ends.  It  is  easily  soluble  in 
water ; difficultly  in  alcohol.  It  has  two  molecules  of  water  of 
crystallization,  and  melts  at  220°- 221°.  The  platinum  compound 
on  decomposition  with  hydrogen  sulphid  or  potassium  chlorid  and 
precipitation  with  gold  chlorid  yields,  instead  of  a gold  salt,  the 
aurochlorid  of  cholin.  All  attempts  to  obtain  the  aurochlorid  of 
lactocholin  failed.  Lactocholin  is  formed  from  ethylidene,  and  not 
from  ethylene  lactic  acid  (Nothnagel). 

Oxy-iso-butyro-cholin  is  produced  in  the  same  way  as  lactocholin. 
The  platinochlorid  has  the  same  form  and  melting-point — 221°. 
The  two  molecules  of  water  of  crystallization  are  difficultly  driven 
off.  The  gold  salt  is  not  obtainable  on  account  of  reversion  to 
cholin.  The  formula  corresponds  to  that  of  lactocholin  (Noth- 
nagel). 

Oxy-valero-cholin  is  also  prepared  the  same  as  lactocholin.  The 
platinum  salt  crystallizes  with  two  molecules  of  water  of  crystalliza- 
tion, in  long  compact  needles,  which  are  rather  easily  soluble  in 
water,  and  melt  at  223°- 224°  (Nothnagel).  Its  composition  also 
corresponds  to  that  of  lactocholin. 

Oxy-acetic,  ethylene  lactic,  and  salicylic  acids  do  not  form  anhy- 
drid  compounds.  The  above  bodies  result  from  the  union  of  two 
molecules  of  cholin  and  one  molecule  of  acid  with  elimination 
of  two  molecules  of  water.  The  platinum  salts  of  all  three  anhy- 
drides belong  to  the  same  system  ; all  have  two  molecules  of  water 
of  crystallization,  difficultly  expelled  at  100°.  The  melting-point 
is  about  the  same  in  all.  They  do  not  yield  gold  salts.  The  free 
anhydrids  are  not  permanent. 

Acetyl  cholin.  The  gold  salt  of  this  compound  was  studied  first 
by  Baeyer,  later  by  Nothnagel.  Baeyer  obtained  the  acetyl  com- 
pound by  the  action  of  acetyl  chlorid  on  cholin  chlorid  in  the  cold, 
but  Nothnagel  did  not  succeed  in  introducing  the  acetyl  group  short 
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of  100°.  The  gold  salt  is  anhydrous,  dendritic  in  form,  and  melts 
at  154°-  155°.  On  decomposition  with  hydrogen  sulphid  it  yields 
cholin.  The  platinochlorid  crystallizes  in  small  anhydrous  needles 
which  melt  at  223°— 224°. 

Benzoyl  cholin  is  formed  by  heating  dry  cholin  chlorid  on  a water- 
bath  with  benzoyl  chlorid.  It  forms  a platinum  salt  crystallizing 
in  fine  thread-like  needles  which  melt  at  206°.  The  gold  salt 
forms  light-yellow  flat  needles  which  are  permanent  in  the  air 
and  melt  at  183°.  The  hydrogen  in  the  hydroxyl  group  of 
the  oxyethyl  is,  therefore,  easily  replaced  by  acid  radicals  (Noth- 
nagel). 

Physiological  Action  of  Cholin. — Cholin  was  regarded  for  a long 
time  as  physiologically  inert,  but  this  belief  was  set  aside  by  Gaeht- 
gens  (1870),  who  showed  that,  when  given  in  large  quantity,  it  pos- 
sessed a marked  toxic  action  ; 0.59  gram  producing  almost  instan- 
taneous death  in  a cat.  This  observation  of  Gaehtgens  has  since 
been  confirmed  by  Glause  and  Luchsinger,  Brieger,  and  Boehm. 
The  chlorid  of  cholin  produces  in  animals  the  same  muscarin-like 
symptoms  of  poisoning  as  are  developed  by  the  vinyl  base  neurin,  the 
only  difference  lies  in  the  intensity  of  the  action.  In  order  to  bring 
about  a physiological  disturbance,  cholin  must  be  given  in  relatively 
large  doses.  Thus  Brieger  found  it  necessary  to  give  about  0.1 
gram  of  cholin  chlorid  hypodermically  to  a one  kilogram  rabbit  in 
order  to  bring  out  the  same  effects  as  are  obtained  by  the  injection 
of  0.005  gram  of  the  neurin  salt.  He  also  found  that  the  fatal  dose 
for  a one  kilogram  rabbit  was  about  0.5  gram,  which  is  about  ten 
times  as  large  as  the  fatal  dose  of  neurin  chlorid.  Boehm  observed 
that  doses  of  0.025-0.1  gram  produced  in  frogs  general  paralysis, 
which,  in  a short  time,  led  to  death  or  recovery ; and  that  in  its 
curara-like  paralyzing  action  cholin  resembled  artificial  muscarin, 
although  the  latter  is  about  five  hundred  times  stronger.  Atropin, 
as  in  the  case  of  neurin  and  muscarin,  antagonizes  the  action  of 
cholin.  Thus,  0.05  gram  of  the  chlorid  produced  in  a frog  in  one 
hour  diastolic  stoppage  of  the  heart.  This  condition  was  removed 
by  the  injection  of  0.001  gram  of  atropin,  the  heart-beat  rising  to 
the  normal  in  about  fourteen  minutes ; 0.05  gram  of  cholin  chlorid, 
given  subcutaneously  to  a rabbit  (1,250  grams),  produced  salivation, 
which  lasted  but  a short  time  and  did  not  affect  the  heart-beat  and 
respiration ; 0.10  gram  was  necessary  to  bring  out  all  the  symptoms  ; 
0.05  gram,  given  to  guinea-pigs,  had  no  effect  whatever.  Accord- 
ing to  Halliburton  (1901)  it  causes  a dilatation  of  the  peripheral 
blood  vessels,  especially  those  of  the  intestines,  and  hence  a fall  of 
blood  pressure. 

Betain  (oxyneurin),  C5H18NOs. — This  base  has  been  well  known 
for  some  time,  because  of  its  occurrence  in  the  vegetable  kingdom. 
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Thus,  it  is  present  in  cotton-seed  (Boehm,  Ritthausen  and  Weger, 
Maxwell),  where  it  is  about  five  times  as  abundant  as  cholin  ; in  beet- 
root juice  (Beta  vulgaris),  and  hence  in  beet-root  molasses  (Scheibler, 
1866).  It  occurs  also  in  cattle-turnip  and  Lycium  barbarum  (Huse- 
mann  and  Marm6,  Schiitte,  Siebert),  and  is  found  with  cholin  and 
another  base  in  vetch-seeds ; in  peas  a base  similar  to  betain  exists 
(Schulze).  With  cholin  it  occurs  in  the  roots  and  leaves  of  Scopolia 
atropoides  (Siebert).  It  occurs  in  the  leaves  of  the  potato  plant,  So- 
lanum  tuberosum,  but  not  with  cholin  (Schiitte) ; in  worm-seed  (Arte- 
misia Cina)  in  about  0.5  per  cent.;  with  cholin  about  0.1  per  cent. 
(Jahns).  The  two  bases  are  also  present  in  the  sprouts  of  wheat  and 
malt,  betain  more  abundantly  (Schulze  and  Frankfurt).  It  does  not 
exist  in  these  substances  as  such,  but  is  formed  from  a more  complex 
substance  by  fhe  action  of  hydrochloric  acid  or  baryta  (Liebreich). 
In  this  respect  it  resembles  cholin,  neurin  and  probably  muscarin. 
Quite  recently,  Lippmann  (1887)  has  obtained  a lecithin-like  body 
from  sugar-beet,  which,  on  heating  with  baryta,  gave  oleic  acid,  gly- 
cerin, and  phosphoric  acid  (glycerin-phosphoric  acid),  and  betain. 
Betain,  however,  does  not  seem  to  be  a constant  constituent,  inasmuch 
as  on  one  occasion  he  obtained  chiefly  cholin,  and  little  or  no  betain. 
These  two  bases  also  occur  together  in  cotton-seed,  and  this  fact  has 
led  Scheibler  to  the  conclusion  that  it  is  no  mere  chance.  Lecithin,  as 
is  well  known,  may  contain  variable  acid  constituents  (oleic,  stearic, 
palmitic,  etc.),  and  reasoning  on  this  fact,  and  on  the  results  of  his 
own  experiments,  Lippmann  was  led  to  suppose  that  it  may  also 
contain  different  bases  in  variable  proportions. 

Betain  was  first  discovered  by  Husemann  and  Marm6  in  1863  and 
1864  and  named  lycin.  Scheibler  found  it  in  1866  in  beets  and 
gave  it  the  present  name.  The  identity  of  the  two  compounds  was 
shown  in  1875  by  Husemann. 

A methyl  betain,  trigonellin,  exists  in  trigonella  (Jahns,  Hantzch). 

It  has  been  obtained  from  human  urine  (Liebreich,  1869),  and 
from  poisonous  and  non-poisonous  mussel,  but  not  from  putrid 
mussel  (Brieger,  1885,  III.,  76).  Emmerling  (1896)  obtained 
it  with  trimethylamin  by  decomposing  gluten  with  proteus  vul- 
garis. The  method  for  its  separation  from  mussel  is  described  on 
page  313. 

Betain  may  be  obtained  synthetically  in  several  ways  : (1)  By 
oxidation  of  cholin  with  potassium  permanganate  ; (2)  by  heating 
sarkosin  (methyl  glycocoll)  with  methyl  iodid  and  methyl  alcohol,  or 
with  methyl  iodid  alone,  when  bctain-methyl  ether  also  forms  (Paul- 
mann);  (3)  by  the  action  of  silver  oxid  on  betain  aldehyde;  (4)  by 
the  action  of  methyl  iodid  on  glycocoll  (Kraut)  ; (5)  by  treating 
monochloracetic  acid  with  trimethylamin.  The  last  two  methods 
are  of  value  as  indicating  the  constitution  of  betain,  and  the  changes 
which  take  place  can  be  represented  by  the  equations : 
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UI,  WH,),I 

,'Hj  + 3CFI3I  = C. 


JOjH 
Glycocoll. 


H, 

CO, 


+ 2HI. 


2H 

Betain  Iodid. 


h2ci 

0,H 


+ N(CH3)3 


Monochlor- 
acetic  Acid. 

Another  method  of  synthesizing  anhydrous  betain  consists  in  heat- 
ing di-methyl  amido-acetic  methyl  ester.  The  reaction  is  reversible 
(Wildstatter,  Ber.,  35,  585,  597). 

From  the  formulae  of  the  salts  of  betain  it  is  evident  that  betain 
has  properly  the  composition  C5H13N03  which  is  expressed  by  the 
structural  formula  : 

N(CHs),OH 

m 


The  free  base  is,  however,  readily  converted  into  the  anhydrid, 
CjIfuNOj,  trimethyl  glycocoll,  the  structural  formula  of  which  is  : 


CH,— Jt(CH3)s 


Betain  aldehyde  was  prepared  first  by  Berlinerblau  and  later  by 
Fischer.  On  oxidation  with  silver  oxid  it  yields  betain. 

Betain  is  ordinarily  regarded  as  crystallizing  with  one  molecule  of 
water,  and  the  composition  is  expressed  by  the  formula  : C8HuNO, 
-f  H,0(=  OH.N(CH3)3.CH2.C02H).  It  loses  this  water  of  crystal- 
lization by  heating  at  100°,  or  on  standing  over  sulphuric  acid, 
forming  an  anhydrid  of  the  formula  already  given.  The  anhydrid 
is  very  hygroscopic,  and  melts  at  293°  (Wildstatter).  Liebreich 
'claimed  that  free  betain  possessed  the  formula  C5HuN02  because  it 
yielded  a compound  having  the  composition  (C5HnNO)ZnCl2.  The 
free  base  separates  from  alcohol  in  large  crystals  which  deliquesce  on 
exposure  to  the  air.  As  obtained  by  Brieger  from  the  hydrochlorid, 
by  treatment  with  moist  silver  oxid,  it  possessed  a sweetish  taste  and 
neutral  reaction.  When  distilled  with  potassium  hydrate,  it  yielded 
trimethylamin  and  other  bases,  among  which  a base  of  the  formula 
C8H17N05  occurred  in  the  largest  quantity.  In  1893  Scheibler  again 
studied  the  action  of  sodium  hydrate  on  betain  aud  found  only  tri- 
methylamin ; no  new  base,  but  unchanged  betain. 

The  chlorid,  C5H12N02.C1,  forms  beautiful  monoclinic  plates 
which  are  permanent  in  the  air,  and  this  fact  can  be  made  use  of 
to  effect  a separation  from  the  cholin  salt,  which  is  deliquescent. 
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It  crystallizes  from  aqueous  solution  in  monoclinic  plates,  from  hot 
saturated  80  per  cent,  alcoholic  solution  in  beautiful  prisms,  often 
several  cm.  long.  It  melts  at  227°—  228°  (Jahns).  It  is  insoluble 
in  absolute  alcohol.  This  fact  can  be  made  use  of  in  their  separa- 
tion (Lippmann,  Maxwell).  It  can,  moreover,  be  easily  separated 
from  other  bases  by  its  aurochlorid  which  is  easily  soluble.  If  a 
little  potassio-mercuric  iodid  is  added  to  a solution  of  the  cblorid, 
there  forms  a light  yellow  or  whitish  oily  precipitate,  which  is  sol- 
uble in  excess,  but  on  rubbing  the  sides  of  the  tube  with  a glass  rod 
it  reappears  as  yellow  needles.  This  is  said  to  be  a characteristic 
test  (Brieger,  Schulze,  1891).  By  the  action  of  sodium  amalgam 
on  aqueous  solutions  of  the  chlorid  a base  is  formed,  the  platino- 
chlorid  of  which  in  form,  solubility,  and  composition  agrees  with 
muscarin  (Schmidt,  Nothnagel).  An  iodid  and  a potassium  iodid 
compound  are  known  (Wildstiitter). 

The  aurochlorid,  C6H12NO?.Cl.AuCl?  (Au  = 43.12  per  cent.), 
forms  magnificent  cholesterin-like  four-sided  plates  (or  gold  yellow 
needles,  Paulmann),  and  is  easily  soluble  (Brieger).  The  aurochlorid 
from  sugar-beet  is  said  to  crystallize  in  needles  and  plates,  and  to 
be  difficultly  soluble  in  cold  water  (Scheibler,  Lippmann).  The 
double  salt  of  the  ptomain  melts  at  209°  and  in  this  it  coincides 
with  that  obtained  from  beet-sugar,  as  well  as  with  that  of  the  syn- 
thetically prepared  base  (Brieger).  According  to  Schiitte,  it  melts 
at  218°,  220°- 222°  ; at  223°- 225°  (Siebert)  ; at  220°-  221°,  de- 
composing at  222.5°  (Paulmann)  at  230°- 235°  (Fischer);  at  227° 
(Emmerling).  The  platinochlorid,  (C5HnN02.HCl)2.PtCl4,  is  yellow, 
crystallizes  in  prisms  and  is  easily  soluble  (E.).  On  rapid  cooling 
of  hot  saturated  solution  or  on  precipitation  with  alcohol  it  forms 
more  or  less  anhydrous  fine  needles  ; from  cold  saturated  solution 
over  sulphuric  acid  it  crystallizes  in  plates  which  effloresce  in  the  air 
(Jahns).  It  may  crystallize  with  or  without  water.  Liebreich  and 
Wildstiitter  obtained  crystals  with  four  molecules,  while  Paulmann 
obtained  crystals  with  one  molecule  of  water.  Jahns  obtained  the 
salt  with  three  molecules  of  water. 

Betain  is  not  poisonous.  It  is  precipitated  with  mercuric  chlorid 
together  with  cholin.  Schulze  and  Frankfurt  separate  the  mercury 
salts  of  betain  and  cholin  by  partial  crystallization  ; betain  is  more 
soluble.  The  two  bases  can  be  separated  as  chlorids  by  the  solubil- 
ity in  absolute  alcohol  (Maxwell,  Schulze  and  Frankfurt,  Jahns). 

Muscarin,  C5H1SN03  = C6H13N02  + II20,  is  the  well-known 
toxic  principle  which  Schmiedeberg  and  Koppe  obtained  from  poi- 
sonous mushroom  (Agaricus  muscarius),  in  which  it  is  present  ac- 
companied by  cholin  (Harnack).  Bohm  found  cholin  and  muscarin 
together  in  Boletus  luridus  and  Amanita  pantherina.  Later, 
Schmiedeberg  isolated  from  a commercial  specimen  of  muscarin 
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a base  possessing  an  antagonistic  action  to  muscarin.  Robert  be- 
lieved that  this  “ fungus-atropin  ” existed  in  the  fresh  mushrooms, 
and  showed  that  Russula  emetica  contained  this  compound  as  well  as 
cholin  and  muscarin. 

This  base  is  especially  interesting  because  of  the  relation  it  bears 
to  cholin,  for  Schmiedeberg  and  Harnack  showed  that  it  is  formed 
when  cholin,  or,  better  still,  the  platinochlorid,  is  oxidized  by 
concentrated  nitric  acid.  Nothnagel  by  the  action  of  concentrated 
nitric  acid  on  cholin  obtained  muscarin,  also  a nitroso  derivative 
(nitric  acid  and  cholin  ether),  and  a substance  which  is  the  chief 
product,  besides  a little  muscarin  and  the  nitroso  compound,  when 
the  oxidation  is  carried  out  with  dilute  nitric  acid.  The  muscarin 
from  cholin  does  not  combine  with  phenyl-hydrazin  ; betain  alde- 
hyde does.  The  chlorid  on  treatment  with  acetic  anhydrid  or  ben- 
zoyl chlorid  yields  an  anhydrid  of  muscarin  (Nothnagel),  the  exact 


composition  of  which  is  yet  undetermined  ; the  group  — *n 


muscarin  is  probably  changed  into  an  aldehyde  group  — COH. 

In  the  preparations  of  muscarin  from  cholih  a small  quantity  of 
a nitroso  compound  forms,  the  platinum  salt  of  which  resembles  that 
of  muscarin  in  solubility,  but  never  in  form,  which  is  always  plu- 
mose. These  crystals  are  permanent  in  the  air  and  contain  two 
molecules  of  water  which  are  not  driven  off  at  100°.  They  melt 
at  223°—  224°  with  decomposition.  It  possesses  the  formula  : 


(Cl.N(CH,)s.CH,.CH2O.NO)j.PtCl4  + 2H,0. 


The  gold  salt  forms  fine,  light-yellow  needles  which  are  anhydrous 
and  melt  at  240°.  It  gives  Liebermann’s  nitroso  reaction — blue 
color  with  phenol  and  sulphuric  acid. 

In  addition  to  the  natural  and  synthetic  bases  a third  “ muscarin/’ 
OH.N(CH3)3.CH2.COH,  was  prepared  by  Berlinerblau  by  the  action 
of  baryta  on  trimethylamin  and  chloracetal.  Fischer  prepared  the 
same  compound,  by  the  action  of  concentrated  hydrochloric  acid  on 
acetal-tri methyl  ammonium  hydroxid.  This  base,  however,  differs 
from  muscarin  by  the  elements  of  water — anhydro-muscarin.  In 
reality  it  is  betain  aldehyde,  since  on  oxidation  with  moist  silver 
oxid  it  yields  betain  (Fischer).  Unlike  real  muscarin,  it  has  no 
action  on  the  heart  of  frogs  or  on  the  pupils  of  birds  (Meyer).  Like 
most  ammonium  bases  it  induces  strong  salivation  and  perspiration. 
Schmiedeberg  found  it  to  resemble  cholin  in  its  action,  whereas 
Luchsinger  found  it  to  agree  in  this  respect  writh  muscarin. 

A fourth  base,  oxycholin — OH.N(CH3)3.CH.OH.CH2OH,  was 
prepared  by  Bode  by  the  action  of  silver  oxid  on  hypochlorous  acid 
and  neurin  chlorid.  Its  platinum  salt  melts  at  254°  (Jsothnagel). 
Its  physiological  action  is  different  from  that  of  muscarin.  Thus, 
n frogs  it  slows  the  heart,  but  does  not  cause  stoppage.  Atropin 
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counteracts  its  action.  In  mammals  the  pulse  is  lowered  as  a result 
of  stimulation  of  the  central  vagus  ganglia.  The  blood  pressure  is 
not  lowered  as  is  the  case  in  muscarin,  but  is  somewhat  raised. 
Neither  the  intestines  nor  the  iris  of  mammals  is  affected.  The  iris 
of  birds  is  contracted  as  with  muscarin,  and  the  glands  are  affected. 
Iji  cats  and  guinea-pigs  salivation  and  flow  of  tears  result.  Like 
all  ammonium  bases  it  has  a marked  curara  action. 

A fifth  base,  resembling  fungus-  and  cholin-muscarin  in  the  form, 
solubility  and  composition  of  the  platinochlorid,  was  obtained  by  the 
action  of  sodium  amalgam  on  aqueous  solutions  of  betain  chlorid 
(Schmidt). 

Lastly,  Brieger  in  1885  (I.,  48)  isolated  a muscarin  base  from 
haddock  which  had  been  allowed  to  decompose  for  five  days.  The 
process  by  which  its  isolation  was  effected  is  described  on  page  315. 
Gulewitsch  isolated  a small  amount  of  a substance  resembling  mus- 
carin, together  with  cholin  and  cadaverin,  from  horse-flesh  kept  at 
15°  for  four  months. 

It  is  barely  possible  that  Brieger’s  base  is  distinct  from  Schmiede- 
berg’s ; nevertheless,  it  closely  resembles  it  and  apparently  is  iden- 
tical. 

9 

The  chlorid,  C6H14N02.C1,  is  obtained  on  the  decomposition  of  the 
platinochlorid  with  hydrogen  sulphid,  as  a syrupy  residue  which, 
under  the  desiccator,  shows  a tendency  to  crystallize  gradually 
(Brieger).  It  is  deliquescent  (Harnack).  A commercial  muscarin 
sulphate  was  found  to  be  chiefly  cholin  (Nothnagel). 

The  platinochlorid,  (C5H]4N02.Cl)2PtCl4  (Pt  = 30.08  per  cent., 
Brieger),  forms  a crystalline  deposit  of  more  or  less  well-formed  octa- 
hedra,  pinhead  in  size,  which  are  difficultly  soluble  in  water.  They 
lose  their  water  of  crystallization  (2H20)  only  on  strong  heating 
(Brieger,  Nothnagel).  It  melts  at  about  240°  with  decomposition. 

The  aurochlorid,  C5H14NO‘.C1.AuC13  (Au  = 42.82  per  cent.), 
crystallizes  in  needles,  and  is  difficultly  soluble  in  water  (Brieger) ; 
more  difficultly  soluble  than  the  cholin  double  salt  (Harnack). 
From  hot  hydrochloric  acid  water  it  crystallizes  as  light-yellow, 
glistening  platelets  (Nothnagel).  It  is  scarcely  to  be  distinguished 
from  the  corresponding  salt  of  cholin  (Nothnagel).  It  begins  to  run 
together  at  174°,  gradually  melts  and  decomposes  at  232°.  It 
has  no  water  of  crystallization.  The  separation  of  muscarin  and 
cholin  is  very  difficult.  Harnack  separated  the  two  by  spreading 
the  mixed  chlorids  on  a filter  paper  which  absorbed  the  muscarin 
salt.  Nothnagel  separated  the  two  bases  as  platinochlorids  by  re- 
peated recrystallization  from  hot  water  and  washing  the  crystals 
with  cold  water.  The  platinochlorid  of  cholin  is  easily  soluble  in 
water. 

Physiological  Action.  — Small  doses  of  this  ptomain  induce  in 
frogs  total  paralysis,  with  stoppage  of  the  heart  in  diastole,  and  this 
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action  is  antagonized  by  subsequent  injection  of  atropin.  In  the 
case  of  previously  atropinized  frogs  it  fails  to  antagonize.  Very 
small  doses  produced  in  rabbits  profuse  salivation  and  lachrymation, 
contraction  of  the  pupil,  profuse  diarrhea,  and  passage  of  urine  and 
semen  ; finally,  the  animal  died  in  convulsions,  which,  however,  were 
only  of  short  duration  (Brieger).  Although  the  natural  and  artificial 
muscarin  and  their  salts  are  chemically  and  physically  alike,  they 
are  not  however  identical,  although  so  considered  by  Schmiedeberg 
and  Harnack.  This  is  seen  in  their  physiological  action.  Thus 
Bohm  found  that  the  artificial  muscarin  paralyzed  intramuscular 
nerve  endings.  According  to  Meyer,  -j1^  — ^ mg.  will  do  this, 
whereas  the  natural  base  will  not  have  this  effect.  Again,  1-2 
drops  of  a 1 per  cent,  solution  of  the  artificial  base  will  produce 
maximal  myosis  in  birds  in  a few  minutes ; while  the  natural  base 
has  no  effect  on  birds’  pupils.  The  action  of  betain  aldehyde  and 
iso-muscarin  has  already  been  stated.  Brieger’s  ptomain  would  seem 
to  be  nearly  identical  with  artificial  muscarin. 


Constitution  of  the  Members  of  the  Cholin  Group. — The  struc- 
ture of  cholin  was  clearly  demonstrated  by  Wurtz,  who  accomplished 
the  synthesis  of  this  base  by  treatment  of  ethylene  chlorhydrin  with 
trimethylamin.  This  same  method  can  be  applied  to  the  synthesis 
of  betain  and  neurin  by  using  monochloracetic  acid  and  vinylbromid 
instead  of  ethylene  chlorhydrin.  The  structural  formulae  which  can 
be  deduced  from  these  reactions  are  as  follows : 


CHjOH 

r 

N(CH3)3.OH 

Cholin. 


<jjH, 

OH 

i(CH3)3.OH 

Nbcbin. 


N(CH3),.OH 

Betain. 


All  these  bases,  since  they  can  be4prepared  from  cholin,  may  also 
be  considered  as  oxidation  products  of  trimethyl-ethyl-ammonium 
hydrate : 

CH, 

(Jh, 

N(CH3)3.OH. 


The  constitution  of  muscarin  is  still  unsettled.  Schmiedeberg 
and  Harnack  believed  that  it  resulted  from  cholin  by  the  oxidatioy 
of  hydrogen  connected  with  the  same  carbon  as  the  hydroxyl  group. 
Its  formula  would  be  either  (1)  or  (2),  as  given  below.  The  former, 
analogous  to  chloral  would  have  the  somewhat  rare  condition  of  two 
hydroxyl  groups  attached  to  one  carbon  atom.  The  presence  of 
hydroxyl  groups  in  muscarin  cannot,  however,  be  demonstrated  with 
acetic  anhydrid,  or  benzoyl  chlorid  (Nothnagel).  The  second  formula 
is  that  of  betain  aldehyd. 
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The  formulte  of  several  muscarin  compounds  are  herewith  presented  : 


(1) 

(2) 

(3) 

QH(OH), 

COH 

CHjOH 

<x 

in. 

CHOH 

N(CH,),.OH 

ll(CH,),.OH 

N(CH,),.OH. 

Muscarin. 

Bktain  Aldkhyd. 

I80-MUSCAR1N. 

It  will  be  observed  that  very  slight  differences  in  the  chemical 
constitution  of  cholin,  muscarin,  betain  aud  neurin  are  accompanied 
by  very  great  differences  in  the  physiological  action  of  these  bases. 
Thus,  as  pointed  out  by  Schmidt,  cholin  may  be  considered  as  a pri- 
mary alcohol  and  betain  as  a monobasic  acid.  Between  these  two 
relatively  non-poisonous  bases  is  the  intermediate  oxidation  product, 
the  aldehyde  muscarin,  which  is  highly  poisonous. 

Again,  it  will  be  remembered  that  the  artificial  muscarin,  formed  by 
the  oxidation  of  cholin,  had  a markedly  different  physiological  effect 
on  the  intramuscular  nerve  endings  and  on  the  pupils  of  birds  than 
the  natural  muscarin.  This  difference  must  undoubtedly  be  ascribed 
to  difference  in  stereochemical  structure,  as  in  the  case  of  active  and 
inactive  lactic  acids,  and  of  atropin.  Furthermore,  Bode’s  iso- 
muscarin  possesses  likewise  an  entirely  different  action,  differing  only 
in  the  position  of  the  hydroxyl  group.  The  same  is  true  of  betain 
aldehyd,  which  differs  from  muscarin  by  the  elements  of  water. 

Mydatoxin,  C6H13N02. — This  base  was  obtained  by  Brieger  in 
1886  (III.,  25,  32)  from  several  hundred  pounds  of  human  internal 
organs  which  were  allowed  to  stand  in  closed  but  spacious  wooden 
barrels  for  four  months,  at  a temperature  varying  from  — 9°  to  -f-  5°. 
He  obtained  much  larger  quantities  of  it,  however,  from  horse-flesh 
which  had  putrefied  under  the  same  conditions.  In  the  process  of 
extraction  it  is  found  in  the  mercuric  chlorid  precipitate  together 
with  cadaverin,  putrescin  and  another  base,  C7H17N02.  It  cau  be 
isolated  from  this  mixture  by  recrystallizing  the  mercury  salts,  which 
removes  the  cadaverin  because  of  its  difficult  solubility  in  water, 
and  decomposing  the  soluble  mercury  salts  by  hydrogen  sulphid. 
The  filtrate  freed  from  mercury  is  now  evaporated  to  dryness  and 
the  residue  repeatedly  extracted  with  absolute  alcohol,  in  order  to 
remove  the  putrescin  hydrochlorid  which  is  insoluble.  The  alco- 
holic solution,  after  standing  some  time  to  permit  complete  separation 
of  any  dissolved  putrescin,  is  then  evaporated  to  dryness  and  taken 
up  with  water.  This  solution  gives,  on  the  addition  of  gold  chlorid, 
a precipitate  of  the  aurochlorid  of  the  base  C7H  NOa.  The  filtrate 
from  this  precipitate,  containing  the  mydatoxin,  is  treated  with 
hydrogen  sulphid  to  remove  the  gold,  and  then  evaporated  to  dry- 
ness. The  colorless,  syrupy  hydrochlorid  thus  obtained  forms  with 
platinum  chlorid  a double  salt  which  is  readily  soluble  in  water,  and 
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can  be  purified  by  repeated  recrystallization  from  absolute  alcohol 
containing  some  hydrochloric  acid. 

The  name  mydatoxin  is  derived  from  /luddw,  to  putrefy.  The 
free  base  is  obtained  from  the  hydrochlorid,  by  treatment  with  moist 
freshly  precipitated  silver  oxid,  as  a strongly  alkaline  syrup  which 
solidifies  in  vacuo  to  plates.  It  is  insoluble  in  alcohol,  ether,  etc.  It 
does  not  distil  without  decomposition.  It  is  isomeric  with  leucin  and 
also  with  the  base  CgH13N02 , obtained  by  Brieger  in  1888  from  tetanus 
cultures.  It  is  isomeric  with  di-methyl  ethyl  betain  and  also  with 
tri-methyl  propiony]  betain  (Wildstatter,  Ber.,  35,  606,  610).  The 
latter  is  represented  by  formula  (1).  Both,  however  form  gold  salts. 

The  hydrochlorid,  C6H13N02.HC1,  is  a colorless  deliquescent  syrup 
which  does  not  form  any  double  salt  with  gold  chlorid.  With  plat- 
inum chlorid  it  gives  an  easily  soluble  salt.  Otherwise  it  combines 
only  with  phosphomolybdic  acid,  with  which  it  forms  cubes.  Fer- 
ric chlorid  and  potassium  ferricyanid  yield,  after  a time,  Berlin  blue. 
It  is  readily  soluble  in  alcohol. 

The  platinochlorid,  (C6H13N02.HCl)2PtCl4  (Pt  = 29.00  per  cent.), 
melts  at  193°,  with  decomposition.  It  crystallizes  in  plates  which 
are  extremely  soluble  in  water.  It  can  be  readily  recrystallized 
from  absolute  alcohol  acidulated  with  hydrochloric  acid.  The  mer- 
cury salt  is  readily  soluble  in  water. 

The  exact 'formula  of  this  base,  of  mytilotoxin,  and  some  other 
bases,  cannot  be  considered  to  be  permanently  settled,  inasmuch  as 
the  formula  of  the  hydrochlorid,  C6H13N02.HC1,  as  deduced  from 
the  analysis  of  the  platinum  double  salt,  may  equally  apply  to  the 
base  C6H14N02.0H  as  to  the  base  C6H13N02.  If  the  first  formula 
is  correct,  then  mydatoxin  may  be  considered  a homologue  of  betain, 
and  its  structure  would  be  expressed  by  (1).  Or,  it  may  have  the 
structure  shown  in  formula  (2). 

(l) 

CO,H 

QH, 

CH, 

t(CH,)1.OH 

By  loss  of  water  in  cither  case  (propyl  or  iso-propyl  betain)  the 
formula  C6H13N02  results.  In  the  latter  instance  the  anliydrid  "would 
be  that  which,  combined  with  pyridin,  is  met  with  in  pilocarpin. 

This  ptoma'in,  although  it  possesses  toxic  properties,  is  not,  however, 
a strong  poison.  Its  action  is  the  same  as  that  of  the  base  C.H17N02 
(see  page  318),  with  which  it  is  associated,  except  that  the  symptoms 
of  poisoning  develop  slower,  so  that  the  death  of  a guinea-pig  does 
not  take  place  for  about  twelve  hours.  White  mice  are  very  suscep- 
tible to  the  action  of  these  two  poisons.  A short  time  after  the 


(2) 


CO.  OH 

CH.CH, 

N(CH3)s.OH. 
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injection  of  even  small  doses  they  are  taken  with  convulsions  which 
come  on  in  paroxysms.  The  eyeballs  roll  upward.  Lachrymation, 
diarrhoea,  and  dyspnoea  develop  and  the  mice  die  within  a short  time. 

A Base  (?),  CGHuN02,  an  isomer  of  the  preceding  and  also  of  leuein, 
was  obtained  by  Brieger  in  1888  from  tetanus  cultures.  It  is  not 
poisonous — distinction  from  mydatoxin.  It  probably  is  an  amido  acid. 
The  platinochlorid  crystallizes  in  plates,  is  easily  soluble  in  water  and 
in  alcohol,  and  melts  at  197°  with  decomposition  (see  page  322). 

Mytilotoxin,  C6H15N02,  is  the  specific  poison  of  toxic  mussel  (My- 
tilus  edulis),  from  which  it  was  obtained  by  Brieger  in  1885  (III.,  76). 
This  poison  is  formed  during  the  life  of  the  animal  under  certain  condi- 
tions which  have  been  thoroughly  studied  by  Schmidtmann,  Virchow, 
and  others  (see  p.  192).  Brieger  obtained  the  poison  by  extracting 
the  toxic  mussel  with  acidulated  water,  and  evaporating  this  solution 
to  a syrupy  consistency.  The  residue  was  thoroughly  extracted  with 
alcohol,  and  this  solution  was  treated  with  lead  acetate  in  order  to 
remove  mucilaginous  substances.  The  filtrate  was  then  evaporated 
and  the  residue  extracted  with  alcohol.  Any  lead  that  had  dissolved 
was  removed  by  hydrogen  sulphid.  The  alcohol  was  expelled,  and 
the  resulting  syrup  was  taken  up  with  water  and  decolored  by  boil- 
ing with  animal  charcoal.  The  clear  solution  was  now  neutralized 
with  sodium  carbonate,  acidulated  with  nitric  acid,  and  precipitated 
with  phosphomolybdic  acid.  The  precipitate  was  decomposed  by 
warming  with  neutral  lead  acetate,  and  the  resulting  filtrate,  after 
the  removal  of  the  lead  by  hydrogen  sulphid,  was  acidulated  with 
hydrochloric  acid  and  evaporated  to  dryness.  The  residue  was 
extracted  with  absolute  alcohol,  whereby  betain,  on  account  of  its 
insolubility,  is  removed,  and  the  alcoholic  solution  was  precipitated 
by  alcoholic  mercuric  chlorid.  The  mercury  precipitate  was  repeat- 
edly recrystallized  from  water  and  the  poison  thus  obtained  as  an 
easily  soluble  double  salt. 

The  free  base  as  obtained  by  the  addition  of  alkali  to  the  hydro- 
chlorid  possesses  a disagreeable  odor  which  disappears  on  exposure 
to  air,  and  the  substance  ceases  to  possess  poisonous  properties. 
Brieger  has  proposed  the  application  of  this  test  for  the  recognition 
of  poisonous  mussel ; on  treatment  of  these  with  alkali  the  charac- 
teristic odor  is  developed.  Mytilotoxin  is  also  destroyed  ou  distilla- 
tion with  potassium  hydrate,  and  in  the  distillate  there  is  found  an 
aromatic  non-poisonous  product  and  trimethylamin.  The  free  base, 
therefore,  does  not  exist  by  itself  for  any  length  of  time  but  soon 
becomes  converted  into  an  inert  substance.  H.  Salkowski  has  also 
shown  that  it  is  destroyed  on  boiling  with  potassium  carbonate, 
whereas  its  hydrochloric  acid  solution  can  be  evaporated  to  dryness 
andt  heated  to  110°  without  destroying  its  poisonous  property. 
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The  hydrochloric!,  C6H18N02.HC1,  prepared  from  the  aurochlorid, 
crystallizes  in  tetrahedra.  It  is  extremely  poisonous,  and  according 
to  Brieger  produces  exactly  the  same  symptoms  which  have  been  ob- 
served by  Schmidtmann  in  persons  who  have  partaken  of  poisonous 
mussels  (see  page  190).  On  standing,  however,  the  pure  hydrochlorid 
gradually  becomes  dark  and  decomposes  with  loss  of  its  poisonous 
. property — a change  corresponding  to  that  which  tetanin  undergoes 
(p.  322).  The  gold  salt  is  better  adapted  for  preservation.  The 
ordinary  alkaloidal  reagents  produce  in  its  solutions,  if  at  all,  only 
oily  pi’ecipitates. 

The  aurochlorid,  CgH]6N02.HCl.AuCl3  (Au  = 41.66  per  cent.), 
crystallizes  in  cubes.  Its  melting  point  is  182°. 

It  is  well  to  observe  that  Brieger  was  unable  to  obtain  this  base 
from  mussels  that  were  allowed  to  putrefy  for  sixteen  days. 

As  stated  under  mydatoxin,  the  formula  of  the  hydrochlorid, 
C6HlrN02.HCl,  is  applicable  to  either  one  of  the  two  bases,  C6H1S 
N02.OH  or  CfiH15N02.  The  base  corresponding  to  the  first  formula 
is  evidently  a homologue  of  muscarin,  and  should  possess  a similar 
physiological  action.  As  a matter  of  fact,  mytilotoxin  does  resemble 
muscarin  somewhat  in  this  respect,  and  its  occurrence  together  with 
betain  would  seem  to  make  it  a decomposition  product  of  lecithin,  in 
which  case  this  base  must  be  looked  upon  as  a member  of  the  cholin 
group.  A compound  corresponding  to  the  formula  C6H]6N020H 
was  prepared  by  Hanriot  in  a manner  analogous  to  Wurtz’s  synthesis 
of  cholin,  by  treating  glycerin  monochlorhydrin  with  trimethylamin. 
This  base,  trim  ethyl-glyceryl  ammonium  hydrate,  has  the  structure  : 

CHj.CHOHCHjOH 

N(CH,)sOH. 


It  was  suggested  that  Hanriot’s  base  might  possibly  be  identical 
with  mytilotoxin,  but  a careful  comparison  made  by  Brieger  showed 
that  it  possesses  no  physiological  action  and  that  its  chemical  prop- 
erties are  entirely  different. 

Mytilotoxin  would,  therefore,  seem  to  possess  the  formula  C6H15 
N02,  as  originally  given  by  Brieger.  From  the  fact  that  on  distilla- 
tion with  potassium  hydrate  it  yields  trimethylamin,  it  follows  that 
mytilotoxin  is  a quaternary  base.  He  is  inclined  to  regard  it  as  a 
methyl  derivative  of  betain,  which  is  so  common  in  mussels,  and 
represents  it  by  formula  No.  1. 


(i) 

00,11 

CH.CH, 

N(CH,),.OH 


(2) 

CO.H 

CH.CH, 

N(CH,),.OH  , 
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No.  1,  however,  is  C6HlsN03,  instead  of  C6H15N02,  as  above, 
and  has  been  referred  to  under  mydatoxin.  The  formula  No.  2, 

C H15N02,  may  be  taken  to  represent  more  correctly  this  base.  On 
comparing  these  formulae  it  would  appear  that  mydatoxin  (1)  is  an 
oxidation  product  of  mytiloto'xin  (2).  The  latter  in  turn  would  be  a 
homologue  of  betain  aldehyde  (p.  311),  and  hence  a derivative  of 
cholin  or  muscarin. 

According  to  Brieger,  mytilotoxin  produces  all  the  characteristic 
effects  seen  in  mussel  poisoning.  In  its  paralyzing  action  it  resem- 
bles curara.  This  action  is  explainable  now  that  Glause  and  Luch- 
singer  have  shown  that  all  trimethyl  ammonium  bases  have  a mus- 
carin-like  action.  For  the  symptoms  induced  by  poisonous  mussel 
see  page  190. 

Gadinin,  C»H17N02,  was  found  in  haddock  (1885)  which  were 
allowed  to  decompose  in  open  iron  vessels  for  five  days  during  sum- 
mer. Brieger  also  obtained  it  from  cultures  of  the  bacteria  of 
human  feces  on  gelatin.  Carbone  found  it  in  cultures  of  the 
Proteus  vulgaris.  The  decomposing  mass  was  thoroughly  stirred 
every  day  in  order  to  bring  it  into  contact  with  atmospheric  oxygen 
(Brieger,  I.,  49).  It  was  then  treated  with  water,  and  hydrochloric 
acid  was  added  to  acid  reaction.  After  being  warmed  the  mixture 
was  filtered  and  the  filtrate  concentrated  on  the  water-bath  to  a 
syrupy  consistency.  This  syrupy  residue  was  extracted  with  water, 
and  the  aqueous  solution  was  precipitated  with  mercuric  chlorid. 
This  mercuric  chlorid  precipitate  contained  a base,  the  quantity 
of  which,  however,  was  insufficient  for  a complete  analysis  (see 
page  325).  The  mercuric  chlorid  filtrate,  after  the  removal  of 
the  mercury  by  hydrogen  sulphid,  was  evaporated  to  a syrup, 
and  this  was  then  repeatedly  extracted  with  alcohol.  The  alco- 
holic solution  thus  obtained  contained  neuridin,  a base  of  the  same 
composition  as  ethylendiamin,  muscarin,  gadinin,  and  triethyl- 
amin.  These  bases  were  separated  in  the  following  manner  : The 
alcoholic  solution  gave  with  platinum  chlorid  a precipitate  of  neuridin. 
The  filtrate  from  this  platinum  precipitate  was  heated  on  the  water- 
bath  to  expel  the  alcohol  after  which  the  platinum  was  removed  by 
hydrogen  sulphid.  The  aqueous  filtrate  was  concentrated  to  a small 
volume  which,  on  addition  of  platinum  chlorid,  gave  a precipitate 
of  the  isomer  of  ethylendiamin.  The  mother-liquor  from  this  pre- 
cipitate was  concentrated  on  a water-bath,  and  on  cooling  the  platino- 
chlorid  of  muscarin  crystallized  out.  From  the  mother-liquor  of 
this  precipitate  on  standing  in  a desiccator,  the  gadinin  double  salt 
crystallized.  The  mother-liquor  from  the  gadinin  platinochlorid  was 
treated  with  hydrogen  sulphid  to  remove  the  platinum,  and  the 
aqueous  filtrate  on  distillation  with  potassium  hydrate  gave  triethyl-  * 
amin. 
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Gadinin  (from  Gadus  callarias,  haddock)  in  small  doses  does  not  ■» 
appear  to  be  poisonous ; large  doses  (0.5-1  gram)  are  decidedly  toxic 
and  may  kill  guinea-pigs.  The  formula  of  the  free  base  as  deduced 
from  the  analysis  of  the  platinochlorid  may  be  either  C„H  NO  or 
GHl8N02.0H.  ’ r 17  2 

The  hydrochlorid,  C7H17N02.HC1,  as  obtained  by  the  decomposi- 
tion of  the  platinochlorid  with  hydrogen  sulphid,  crystallizes  under 
the  desiccator  in  thick,  colorless  needles,  which  are  easily  soluble  in 
water  ; insoluble  in  alcohol.  It  forms  no  combination  with  gold 
chlorid,  but  does  give  crystalline  precipitates  with  phospliomolybdic, 
phosphotungstic  and  picric  acids. 

The  platinochlorid,  (C7H17N02.HC1)2  PtCl4(Pt  = 27.68  per  cent.), 
is  at  first  quite  soluble,  and  on  standing  in  a desiccator  it  crystallizes 
in  golden-yellow  plates  which,  when  once  formed,  are  again  difficultly 
soluble  in  water.  It  can  be  recrystallized  from  hot  water.  It  melts 
at  214°. 

Typhotoxin,  C7III7N02. — This  base  was  named  thus  by  Brieger 
in  1885  (III.,  86),  and  was  regarded  by  him  as  the  specific  toxic 
product  of  the  activity  of  Koch-Eberth’s  typhoid  bacillus.  It  is 
however,  certain,  as  in  the  case  of  tetanus,  that  the  real  poison  of  this 
germ  is  not  this  ptomain,  but  rather  a toxin.  He  obtained  the  base  by 
cultivating  the  bacillus  on  beef-hash  for  eight  to  fourteen  days  at 
37.5°—  38°.  The  nature  of  the  soil  on  which  the  bacillus  grows  has 
a great  deal  to  do  with  the  formation  of  the  poison.  An  espe- 
cially important  factor  is  the  temperature,  for  Brieger  observed  that 
no  poison  was  produced  in  one  case  wrhere  the  temperature  remained 
by  accident  at  39°  for  twenty-four  hours.  Under  such  conditions 
creatin  is  present  in  quantity,  whereas  otherwise  the  reverse  is  the  rule. 

In  the  process  of  extraction  (p.  232)  it  occurs  in  the  mercuric  chlo- 
rid precipitate,  and  from  this  it  is  obtained,  after  the  removal  of  the 
mercury  by  hydrogen  sulphid,  as  an  easily  deliquescent  hydrochlorid. 
This  for  the  purpose  of  purification  is  converted  into  the  difficultly 
soluble  aurocldorid. 

Typhotoxin  is  isomeric  with  gadinin  and  the  compound  C7H17N02 
which  Brieger  obtained  from  putrefying  horse-flesh.  In  its  properties 
it  is,  however,  very  different.  Thus,  the  free  base  is  strongly  alka- 
line, and  its  hydrochlorid  yields  a difficultly  soluble  picrate.  On  the 
other  hand,  the  isomer  from  horse-flesh  possesses  a slightly  acid 
reaction,  and  does  not  form  a picrate.  Again,  typhotoxin  gives  with 
Ehrlich’s  reagent  (sulphodiazobenzol)  an  immediate  yelknv  color, 
which  disappears  upon  the  addition  of  alkali,  wffiereas  the  isomer  does 
not  yield  this  reaction.  Furthermore,  the  twro  bases  differ  in  their 
physiological  action  and  in  their  behavior  to  alkaloidal  reagents  (see 
Table  I.).  Their  aurochlorids,  however,  possess  the  same  melting- 
point. 
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The  hydrochloric!  is  readily  deliquescent,  and  unites  with  platinum 
chlorid  to  form  an  easily  soluble  double  salt  crystallizing  in  needles. 

The  aurochlorid,  C7HI7NO,.HC1.AuC18  (Au  = 40.46  per  cent.),  is 
difficultly  soluble,  and  crystallizes  in  prisms,  which  melt  at  176°.  In 
its  melting-point  and  solubility  (197°,  Brieger,  Arch.  f.  pathol.  Anal., 
115,  489)  it  agrees  with  its  isomer  from  horse-flesh.  In  his  first  ex- 
periments with  the  typhoid  bacillus,  Brieger  (II.,  69)  obtained  a basic 
product  differing  in  some  of  its  characters  from  typhotoxin.  Its 
aurochlorid,  on  analysis,  gave  41.91  and  41.97  per  cent,  of  Au  ; 16.06 
per  cent,  of  C;  and  3.66  per  cent,  of  II ; while  typhotoxin  aurochlorid 
gave  40.78  per  cent.  Au;  17.38  per  cent.  C ; and  3.85  per  cent.  H. 
For  a comparison  of  the  reaction  of  these  two  substances,  see  Table  I. 

In  its  physiological  action  typhotoxin  differs  from  its  isomer 
(page  318)  in  that  the  latter  produces  symptoms  with  well  marked 
convulsions,  whilst  the  former  throws  the  animal  into  more  of  a 
paralytic  or  lethargic  condition.  The  action  of  this  base  has  been 
studied  only  on  mice  and  guinea-pigs.  It  produces  at  first  slight 
salivation  with  increased  respiration  ; the  animals  lose  control  over 
the  muscles  of  the  trunk  and  extremities  and  fall  down  helpless 
upon  their  sides.  The  pupils  become  strongly  dilated  and  cease  to 
react  to  light;  the  salivation  becomes  more  profuse  ; the  rate  of  heart- 
beat and  of  respiration  gradually  decreases  and  death  follows  in  from 
one  to  two  days.  Throughout  the  course  of  these  symptoms  the  ani- 
mals have  frequent  diarrhceic  evacuations,  but  at  no  time  are  con- 
vulsions present.  On  post  mortem  the  heart  is  found  to  be  in 
systole,  the  lungs  are  strongly  hypereemic,  the  other  internal  organs 
pale,  the  intestines  firmly  contracted  and  their  walls  pale. 

A Base  (?),  C7H17N02,  was  obtained  by  Brieger  in  1886  (III.,  28) 
on  working  over  about  one  hundred  pounds  of  horse-flesh  which  had 
been  allowed  to  undergo  slow  putrefaction  with  limited  access  of  air 
and  at  a low  temperature  (—  9°  to  + 5°)  for  four  months.  It  occurred 
in  the  mercuric  chlorid  precipitate  together  with  cadaverin,  putrescin 
and  mydatoxin,  and  from  these  bases  it  was  separated  and  isolated 
according  to  the  method  given  on  page  311. 

A similar,  if  not  identical,  substance  having  the  composition 
C7H17N02,  was  obtained  by  Baginsky  and  Stadthagen  (1890)  from 
cultures  on  horse-flesh,  ten  days  at  35°,  of  a bacillus  closely  allied 
to  I inkler-Prior’s  and  isolated  from  stools  of  cholera  infantum. 
The  gold  salt  in  its  crystalline  form  and  properties  was  the  same  as 
Brieger’s  except  that  it  possessed  a somewhat  higher  melting-point. 
It  is  possible  that  one  or  more  of  these  isomers  are  homologues  of  leucin. 

The  free  substance  possesses,  even  after  most  careful  purification, 
a slightly  acid  reaction.  This  acidity  is  removed  from  even  a large 
quantity  of  the  substance  by  the  addition  of  a drop  of  alkali.  On 
account  of  the  acid  character  of  the  free  substance  Brieger  does  not 
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consider  it  to  be  a base  (a  ptoma'in).  It  differs,  however,  from  the 
amido  acids  in  its  poisonous  character ; in  the  fact  that,  unlike  an 
acid,  it  does  not  unite  with  bases  to  form  salts  ; and  in  not  giving 
the  characteristic  red  coloration  (Hofmeister’s  reaction  for  the  amido 
acids)  with  ferric  chlorid.  Whatever  the  true  nature  of  this  sub- 
stance may  be,  it  nevertheless  in  its  other  properties  behaves  like  a 
base.  Thus,  it  forms  simple  as  well  as  double  salts.  On  boiling 
with  copper  acetate  it  gives  amorphous  floccules.  Under  the  desic- 
cator it  solidifies  into  plates  which  deliquesce  on  exposure  to  the 
air.  It  does  not  combine  either  with  silver  oxid  or  with  cupric 
hydrate.  On  dry  distillation  it  yields  a distillate  possessing  a strong 
acid  reaction  and  a peculiar  odor.  The  distillate  does  not  give  any 
precipitate  with  platinum  chlorid,  or  with  gold  chlorid,  nor  does  it 
react  with  copper  acetate.  With  phosphomolybdic  acid,  however,  it 
forms  an  amorphous  mass ; with  ferric  chlorid  and  potassium  ferri- 
cyanid  it  yields  an  immediate  precipitate  of  Berlin  blue,  whereas  the 
original  substance  does  not  give  any  blue  coloration. 

The  hydrochlorid,  C7H17N02.HC1,  crystallizes  in  fine  needles  which 
are  insoluble  in  absolute  alcohol.  When  the  aqueous  solution  is 
treated  with  freshly  precipitated  silver  oxid  the  resulting  filtrate  con- 
tains in  solution  some  silver  oxid,  which  can  be  removed  by  hydrogen 
sulphid;  thus  differing  from  an  ammoniacal  silver  solution,  which 
gives  no  precipitate  on  treatment  with  hydrogen  sulphid.  In  this 
respect  it  resembles  Salkowski’s  base,  page  287.  For  reactions  of 
the  hydrochlorid,  see  Table  I. 

The  aurochlorid,  C7H17N02.HC1.AuC13,  forms  plates  which  are 
difficultly  soluble  in  water  and  melt  at  176° — the  melting-point  of 
the  gold  salt  of  typhotoxin.  It  is  dimorphous,  since  sometimes  it  is 
also  obtained  in  needles  which  can  be  changed  into  plates. 

It  does  not  form  a picrate,  nor  does  it  give  a reaction  with  sulpho- 
diazobenzol. 

This  substance,  when  injected  into  frogs,  produces  a curara-like 
action.  A few  minutes  after  the  injection  the  animal  falls  into  a 
condition  of  paralysis  and,  although  it  can  still  react  toward  reflexes, 
it  cannot  move  from  its  place.  At  times  fibrillary  twitchings  pass 
over  the  body.  The  pupils  dilate,  the  heart-action  becomes  gradually 
weaker,  and  finally,  after  several  hours,  the  animal  dies  with  the 
heart  in  diastole.  Doses  of  0.05  to  0.3  gram  of  the  hydrochlorid, 
injected  into  guinea-pigs,  produce  in  a short  time  a slight  tremor, 
gradual  increase  in  respiration,  and  slight  moistening  of  the  lower 
lip.  The  pupils  at  first  contract,  then  dilate  ad  maximum  and  be- 
come rcactionless.  The  temperature  remains  at  first  normal ; chills 
of  short  duration  follow  in  rapid  succession.  The  animal  squats  on 
the  ground,  with  its  snout  pressing  against  the  floor  in  exactly  the 
same  way  as  in  the  case  of  mussel-poison.  Violent  clonic  convul- 
sions follow  in  continually  shorter  intervals,  and  at  the  same  time 
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lachrymation  and  salivation  become  profuse,  but  not  so  excessive  as 
in  the  case  of  the  muscarin-like  ptomaine.  The  temperature  sinks 
with  the  decrease  in  the  rate  of  respiration,  the  ears  previously 
gorged  become  pale  and  cold,  and  the  heart-action  becomes  irregular 
and  less  frequent  than  before.  General  paralysis  sets  in,  but  the 
head  still  moves  upward  and  backward.  External  stimuli  induce 
violent  clonic  convulsions,  the  animal  repeats  frequently  choking 
movements,  and  at  the  same  time  yields  large  quantities  of  saliva  ; 
finally,  it  falls  upon  its  side  completely  paralyzed  and  dies.  The 
heart  stops  in  diastole,  the  intestines  are  pale  and  strongly  contracted, 
and  the  bladder  is  empty  and  contracted. 

Morrhuic  Acid,  C9H13NO.{ , was  obtained,  by  Gautier  and  Mour- 
gues  (1888)  from  brown  cod-liver  oil,  together  with  six  bases  already 
described — namely,  butylamin,  amylamin,  hexylamin,  dihydrolutidin, 
asellin,  and  morrhuin.  These  bases  constitute  about  0.2  per  cent,  of 
the  oil.  The  discoverers  regard  them  as  true  leucomai'ns,  dissolved 
from  the  hepatic  cells  by  the  oil.  Bouillot  found  that  the  mixed 
bases,  or  total  basic  product,  in  a dose  of  0.25-0.15  g.  in  man  increased 
the  volume  of  urine  and  the  quantity  of  urea.  By  a microchemical 
reaction,  exposing  sections  of  liver  to  the  fumes  of  hydrochloric  or 
hydrofluoric  acid,  he  detects  the  bases  in  the  liver,  especially  in  the 
bile-ducts.  The  bases,  therefore,  exist  preformed  in  the  cod’s  liver, 
and  are  derived  from  the  bile.  It  is  more  probable,  however,  that 
these  compounds  are  the  products  of  initial  decomposition,  and  for 
that  reason  they  are  described  under  the  head  of  ptomai'ns. 

This  compound  is  relatively  abundant,  and  is  basic  as  well  as  acid 
in  character.  It  is  resinous  in  appearance,  and  can  be  crystallized 
in  flattened  prisms,  or  large  lance-shaped  plates.  When  freshly 
precipitated  it  is  oleaginous,  viscous,  then  gradually  hardens.  It 
possesses  a disagreeable  aromatic  odor  resembling  that  of  the  sea- 
weeds upon  which  the  fish  feed.  According  to  the  discoverers,  its 
probable  source  is  the  lecithin  derived  thus  from  these  weeds.  It  is 
soluble  in  alcohol,  and  but  slightly  in  ether.  It  reddens  turmeric, 
decomposes  carbonates,  and  with  acids  forms  salts  which  precipitate 
lead  acetate  and  silver  nitrate,  but  not  copper  acetate,  even  on  warming. 

1 he  hydrochlorid  is  crystalline  and  is  partially  dissociated  by 
excess  of  water.  The  platinum  salt  is  soluble  and  crystallizes  in 
very  small  cross-shaped  prismatic  needles.  The  gold  salt  is  amor- 
phous and  is  readily  altered  on  heating. 

The  properties  of  this  compound  show  that  it  is  of  a pyridin 
nature,  and  inasmuch  as  it  does  not  give  a precipitate  with  copper 
acetate,  it  would  appear  that  the  carboxyl  is  not  directly  united  to 
the  pyridin  nucleus.  This  does  not  necessarily  follow,  now  that  we 
know  that  some  amido  acids  exist  which  do  not  give  a reaction  with 
copper  acetate  (see  page  287).  Its  pyridin  nature  is  furthermore 
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shown  on  distillation  with  lime.  An  oily  alkaline  base  is  thus 
obtained  which  forms  an  iodomethylate,  and  this  with  potassium 
hydrate  yields  quite  an  intense  red  color,  resembling  lees  (de 
Coninck’s  reaction).  On  oxidation  with  permanganate  of  potassium 
it  yields  a monobasic  acid.  According  to  Gautier  and  Mourgues, 
the  compound  is  probably  identical  with  de  Jungh’sgaduin,  and  they 
ascribe  to  it  the  following  constitution  which,  it  should  be  6aid, 
lacks  confirmation. 


A Base,  C5H12N204,  was  obtained  by  Pouchet  (1884)  from  the 
residual  liquors  resulting  from  an  industrial  treatment  of  d6bris  of 
bones,  flesh,  and  waste  of  all  kinds,  with  dilute  sulphuric  acid.  It 
is  accompanied  by  another  base,  C7H18N,06 , from  which  it  can  be 
separated  by  treatment  with  alcohol.  The  base  itself  forms  tufts 
of  delicate  needles  which  alter  or  decompose  less  easily  than  the 
accompanying  base.  The  platinochlorid,  (C5H12N204.HCl)2PtCl4, 
forms  a dull  yellow  powder  somewhat  soluble  in  strong  alcohol,  but 
insoluble  in  ether.  The  platinochlorid,  (C7H18N206.HCl)2PtCl4 , is 
insoluble  in  ether. 

The  hydrochlorids  of  these  bases  form  silky  needles,  which  are 
altered  by  excess  of  hydrochloric  acid  and  by  exposure  to  air. 
Pouchet  considers  them  to  be  closely  allied  to  the  oxybetains.  The 
general  alkaloidal  reagents  precipitate  these  bases ; the  phospho- 
molybdic  precipitate,  on  addition  of  ammonia,  gives  a blue  tint. 
Both  bases  are  toxic  and  exert  a paralyzing  action  upon  the  reflex 
movements. 

The  method  employed  by  Pouchet  for  their  isolation  was  to  pre- 
cipitate them  as  tannates.  The  precipitate  was  decomposed  by  lead 
hydrate  in  the  presence  of  strong  alcohol,  the  excess  of  lead  removed 
from  the  solution  by  hydrogen  sulphid,  and  the  clear  liquid  thus  ob- 
tained was  submitted  to  dialysis.  The  above  bases  occurred  in  the 
dialysate.  In  the  non-dialyzable  portion  volatile  bases  were  found 
probably  identical  with  those  described  by  Gautier  and  Etard. 

Tetanin,  C13H30N2O4 , was  obtained  in  1886  by  Brieger  (III.,  94) 
by  cultivating  impure  tetanus  microbes  of  Rosenbach,  in  an  atmos- 
phere of  hydrogen  on  beef-broth  for  eight  days  at  37  °—  38°.  It  like- 
wise occurs  in  cultures  on  brain-broth.  Later  (April,  1888),  Brieger 
succeeded  in  obtaining  tetanin  from  the  amputated  arm  of  a tetanus 
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patient,  identical  in  its  physiological  and  chemical  reactions  with  that 
isolated  from  cultures  of  Rosenbach’s  germs  on  beef-broth.  The 
presence  of  tetanin  during  life  in  tetanus  patients  has  thus  been 
demonstrated.  It  has  not  been  found  in  the  brain  and  nerve  tissue 
of  persons  dead  from  tetanus.  A portion  of  the  jelly-like  mass  taken 
from  the  amputated  arm  was  found  to  contain  tetanus  bacilli  as  well 
as  staphylococci  and  streptococci,  and  when  planted  on  beef-broth 
tetanin  was  formed,  but  no  tetanotoxin  or  spasmotoxin. 

Kitasato  and  Weyl  (1890),  employing  pure  cultures  of  the  tetanus 
bacillus,  obtained  from  1^  kilograms  of  beef  used  as  culture  medium 
1.7118  gram  of  tetanin  hydrochlorid  (0.137  per  cent.).  Tetano- 
toxin was  also  present. 

For  its  isolation  Brieger  employed  the  following  method  : The 
cultures  were  slightly  acidulated  with  hydrochloric  acid,  heated  and 
filtered  ; the  filtrate  was  then  treated  with  lead  acetate  and  with  alco- 
holic mercuric  chlorid  in  the  manner  described  under  mytilotoxin 
(page  313).  Kitasato  and  Weyl  digest  the  cultures  with  0.25  per 
cent,  hydrochloric  acid  for  some  hours  at  60°,  then  render  slightly 
alkaline,  filter,  and  distil  in  vacuo  at  60°.  The  residue  in  the  retort 
is  worked  for  tetanin  by  BriegeFs  method,  while  the  distillate  con- 
tains tetanotoxin,  ammonia,  indol,  hydrogen  sulphid,  phenol,  and 
butyric  acid.  The  filtrate  from  the  above  mercuric  chlorid  precipitate 
contains  the  greater  part  of  the  active  principle,  provided  the  precipi- 
tate has  been  thoroughly  washed.  After  the  removal  of  the  mercury 
by  hydrogen  sulphid  the  liquid  is  evaporated,  and  the  residue  is  re- 
peatedly extracted  with  absolute  alcohol,  in  which  the  tetanus  poison 
readily  dissolves  and  can  thus  be  separated  from  the  insoluble  am- 
monium chlorid.  The  alcoholic  solution  is  treated  with  alcoholic 
platinum  chlorid  which  precipitates  the  ammonium  and  creatinin 
platiuochlorids,  whilst  the  platinochlorid  of  the  poison  remains  in 
solution.  The  filtrate  from  this  precipitate  gives,  on  the  addition  of 
ether,  a flocculent  precipitate  possessing  exceedingly  deliquescent 
properties.  The  precipitate  is,  therefore,  rapidly  filtered  off  by  means 
of  a pump,  and  dried  in  vacuo.  It  can  then  be  recrystallized  from 
hot  96  per  cent,  alcohol,  and  the  beautiful  clear-yellow  plates  thus 
obtained,  if  dried  again  in  vacuo,  become  rather  difficultly  soluble  in 
water,  from  which  it  can  then  be  recrystallized  and  obtained  in  a per- 
fectly pure  condition.  If  boiled  with  boneblack,  it  decomposes 
yielding  a non-poisonous  crystalline  compound. 

Phosphomolybdic  acid  cannot  be  used  in  the  separation  of  tetanin 
inasmuch  as  it  destroys  the  poison  (Brieger).  Bocklisch  has  also 
observed  that  this  reagent  destroys  the  poison  formed  in  the  putre- 
faction of  fish. 

Tetanin  obtained  by  treating  the  hydrochlorid  with  freshly  pi*e- 
cipitated  moist  silver  oxid  forms  a strongly  alkaline  yellow  syrup. 
With  alkaloidal  reagents  it  gives  the  same  reactions  as  the  hydro- 
21 
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chlorid,  except  that  it  does  not  give  a blue  color  with  ferric  chlorid 
and  potassium  ferricyanid.  It  is  easily  decomposed  in  acid  but  is 
permanent  in  alkaline  solution. 

The  hydrochlorid,  C13H30N2O4.2HCl,  is  very  deliquescent,  and  is 
easily  soluble  in  absolute  alcohol.  Besides  with  platinum  it  com- 
bines only  with  phosphomolybdic  acid  to  form  an  easily  soluble 
crystalline  precipitate,  which  on  the  addition  of  ammonium  hydrate 
becomes  white.  If,  however,  the  hydrochlorid  is  impure,  phospho- 
molybdic acid  produces  a precipitate  which  is  colored  an  intense  blue 
by  ammonia.  Potassium  bismuth  iodid  yields  a precipitate  which  is 
at  first  amorphous,  but  soon  becomes  crystalline.  Ferric  chlorid  and 
potassium  ferricyanid  produce  a slowly  developing  blue  color,  which 
probably  is  due  to  impurities. 

When  kept  for  some  months  the  highly  poisonous  hydrochlorid 
becomes  syrupy,  brownish,  and  wholly  inert.  Examined  at  this 
stage,  the  syrup  was  found,  by  means  of  platinum  chlorid,  to  contain 
a substance  the  hydrochlorid  of  which  crystallized  in  plates.  This 
is  readily  soluble  in  water  and  alcohol  and  melts  at  197°  with  total 
decomposition,  the  same  as  tetanin.  It  combines  only  with  phos- 
phomolybdic acid  to  form  an  easily  soluble  compound.  The  plati- 
num salt  has  the  composition  C6H13N02.2HCl.PtCl4.  This  sub- 
stance is  non-poisonous,  and  probably  is  an  amido  acid.  It  is  different, 
however,  from  leucin  and  Nencki’s  isomers  of  leucin,  although  pos- 
sessing the  same  composition.  It  is  also  isomeric  with  mydatoxin, 
C6H13NO„,  but  this  is  highly  poisonous  to  mice,  while  the  former  is 
inert  (see  p.  312).  Tetanin  resembles  mytilotoxin  with  respect  to 
this  loss  of  toxicity  on  standing. 

The  platinochlorid,  C13H30N2O4.2HCl.PtCl4  (Pt  = 28.33  per  cent.), 
is  easily  soluble  in  absolute  alcohol,  from  which  it  is  precipitated  on 
the  addition  of  ether.  From  ninety-six  per  cent,  alcohol  it  crystal- 
lizes in  clear  yellow  plates.  After  repeated  recrystal lization  from 
alcohol  and  drying  in  vacuo  it  becomes  difficultly  soluble  in  water  so 
that  it  can  be  recrystallized  from  the  latter.  It  decomposes  at  197°. 

This  base  produces  the  characteristic,  though  by  no  means  all 
the  symptoms  of  tetanus,  since  we  know  of  at  least  three  other 
toxins  (pp.  61,  254)  which  occur  with  tetanin  in  cultures  of  the 
tetanus  microbe.  The  symptoms  induced  by  l’elatively  large  doses 
in  warm-blooded  animals,  as  mice,  guinea-pigs,  and  rabbits,  exhibit 
two  distinct  phases.  In  the  first,  the  animal  is  thrown  into  a 
lethargic,  paralytic  condition,  then  suddenly  becomes  uneasy,  and  the 
respiration  becomes  more  frequent.  This  is  followed  by  the  second 
phase,  in  which  tonic  and  clonic  convulsions,  especially  the  former, 
predominate  till  death  results.  0.5  gram  has  but  slight  action  on 
guinea-pigs.  Small  doses  do  not  seem  to  affect  guinea-pigs,  while 
frogs  appear  to  be  much  less  sensitive  than  mice.  The  characteristic 
convulsions  and  opisthotonus  seen  in  tetanus  in  man  are  also  pro- 
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duced  in  guinea-pigs  on  injection  of  large  doses  of  this  base.  Dogs 
and  horses  seem  to  be  but  slightly  sensitive  to  the  action  of  this  poison. 

A Base,  C14N20N2O4 , was  isolated  by  Guarcschi  in  1887  from 
putrid  fibrin.  It  occurs  in  the  chloroform  or  ether  extracts  along 
with  the  base  C10H13N,  and  is  probably  an  amido  acid  (see  page  259). 

A Base,  C7HlgN206,  was  isolated  by  Pouchet  in  1884.  It  is  said 
to  form  short,  thick  prisms  which  become  brown  when  exposed  to  light. 

The  platinochlorid,  (C7H18N206.HCl)2PtCl4,  crystallizes  in  pris- 
matic needles  which  are  insoluble  in  strong  alcohol.  For  further 
details  iu  regard  to  this  base,  see  page  320. 

A Base,  was  obtained  by  Lepierre  (1894)  in  small 

quantity  from  poisonous  cheese  by  precipitating,  in  the  cold,  with 
acetate  of  copper.  It  is  crystalline,  bitter,  inodorous,  and  shows 
a slight  acid  reaction  to  phenol-phthalein ; is  but  slightly  soluble  in 
water,  soluble  in  alcohol.  It  is  dextro-rotatory,  is  precipitated  by 
phosphomolybdic  and  picric  acids,  iodin  in  potassium  iodid  ; not  by 
tannin.  When  fed  to  guinea-pigs  it  produced  diarrhoea.  0.05  g. 
injected  intravenously  into  a rabbit  had  no  effect.  The  hydrochlorid 
is  very  soluble  and  forms  large  needles.  The  platinum  and  gold 
salts  are  crystalline. 

Tyrotoxicon  has  been  found  in  poisonous  cheese  (Vaughan, 
Wallace,  Wolff,  Wesener  1898),  in  poisonous  ice  cream  (Vaughan, 
Novy,  Schearer,  Ladd),  in  poisonous  milk  (Vaughan,  Novy,  Newton, 
Wallace,  Firth,  Schearer),  and  in  cream  puffs  (Stanton).  The 
method  of  separating  this  poison  and  its  effect  upon  animals  have 
already  been  given  with  sufficient  detail.  Chemically,  it  is  very 
instable.  When  warmed  with  water  to  about  90°,  it  decomposes. 
Hydrogen  sulphid  also  decomposes  it,  therefore  all  attempts  to 
isolate  it  by  precipitation  with  some  base,  such  as  mercury  or  lead, 
and  then  removing  the  base  with  hydrogen  sulphid  have  failed.  Its 
unstable  character  is  illustrated  by  the  fact  that  it  may  disappear 
altogether  within  twenty-four  hours  from  milk,  rich  in  the  poison, 
which  is  allowed  to  stand  in  an  open  beaker. 

With  potassium  hydrate  it  forms  a compound  which  agrees  in 
crystalline  form,  chemical  reactions,  and  the  per  cent,  of  potassium 
which  it  contains,  with  the  compound  of  diazobenzol  and  potassium 
hydrate.  This  substance  is  best  obtained  from  milk  containing 
tyrotoxicon  as  follows  : The  filtered  milk,  which  is  acid  in  reaction, 
is  neutralized  with  sodium  carbonate,  agitated  with  an  equal  volume 
of  ether,  allowed  to  stand  in  a stoppered  glass  cylinder  for  twenty- 
four  hours,  the  ether  removed,  and  allowed  to  evaporate  spontane- 
ously in  an  open  dish.  The  aqueous  residue  is  acidified  with 
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nitric  acid,  then  treated  with  an  equal  volume  of  a saturated  solution 
of  potassium  hydrate,  and  the  whole  concentrated  on  a water-bath 
(this  compound  is  not  decomposed  below  130°).  On  being  heated 
the  mixture  becomes  yellowish-brown,  and  emits  a peculiar  aromatic 
odor.  On  cooling  the  tyrotoxicon  compound  forms  in  beautiful,  six- 
sided  plates  along  with  the  prisms  of  potassium  nitrate. 

With  equal  parts  of  sulphuric  and  carbolic  acids,  pure  tyrotoxicon 
gives  a green  coloration,  but  in  whey  the  color  varies  from  yellow 
to  orange-red.  This  color  reaction  may  be  used  as  a preliminary 
test  in  examining  milk  for  tyrotoxicon.  It  is  best  carried  out  as 
follows  : Place  on  a clean  porcelain  surface  two  or  three  drops  each 
of  pure  carbolic  and  sulphuric  acids.  Then  add  a few  drops  of  the 
aqueous  solution  of  the  residue  left  after  the  spontaneous  evaporation 
of  the  ether.  If  tyrotoxicon  be  present,  a yellow  to  orange-red 
coloration  will  be  produced.  This  test  is  to  be  regarded  only  as  a 
preliminary  one,  for  the  coloration  may  be  due  to  the  presence  of  a 
nitrate  or  nitrite,  or,  as  Huston  and  Weber  have  shown,  to  butyric 
acid.  The  tyrotoxicon  must  be  converted  into  the  potassium  com- 
pound and  purified  before  the  absence  of  nitrate  or  nitrite  can  be 
positively  demonstrated.  Moreover,  the  physiological  test  should 
always  be  made  in  testing  for  this  poison. 

With  platinum  chlorid  in  alcoholic  solution  tyrotoxicon  forms  a 
compound  which  explodes  with  great  violence  at  the  temperature  of 
the  water-bath.  This  also  corresponds  with  the  compound  of  plat- 
inum chlorid  and  diazobenzol.  It  should  be  borne  in  mind,  how- 
ever, that  organic  peroxids  may  behave  in  a similar  manner. 

Pure  tyrotoxicon  is  insoluble  in  ether,  and  its  extraction  from 
alkaline  solutions  by  this  solvent  is  due  to  the  presence  of  foreign 
matter  with  which  the  poison  is  taken  up  by  the  ether. 

The  physiological  action  of  this  ptomain  has  been  discussed  in  a 
preceding  chapter. 

Mydalein  (/zuda/ioc,  putrid)  is  a poisonous  base  obtained  in  1885 
from  putrefying  cadaveric  organs,  liver,  spleen,  etc.  (Brieger,  II.,  31, 
48).  Though  it  is  apparently  present  on  about  the  seventh  day,  it 
is  unobtainable  until  about  the  third  or  fourth  week.  The  method 
for  its  separation  from  the  accompanying  bases  is  given  under  saprin 
(page  278).  It  is  liable  to  occur  in  the  mercuric  chlorid  filtrate,  as 
well  as  in  the  precipitate,  inasmuch  as  the  double  salt  is  insoluble 
only  in  perfectly  absolute  alcohol.  In  order  to  purify  the  platino- 
chlorid  obtained  as  on  page  279,  it  is  repeatedly  recrystallized  from 
a very  small  quantity  of  lukewarm  water.  This  base  has  not  been 
isolated  in  sufficient  quantity  to  permit  of  a complete  determination 
of  its  composition.  It  is  probably  a diarnin,  containing  four  or  five 
carbon  atoms,  and  hence  is  nearly  related  to  some  of  the  diamins 
already  described. 
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The  platinochlorid,  on  analysis,  gave:  Pt  = 38.74,  C = 10.83, 
H = 3.23.  It  crystallizes  in  small  needles,  and  is  extremely  soluble 
in  water. 

The  hydrochlorid  crystallizes  with  extreme  difficulty,  even  on 
standing  for  some  time  in  a desiccator.  On  exposure  to  the  air  it 
rapidly  deliquesces. 

Mydalein  has  an  entirely  specific  action.  Small  quantities  injected 
into  guinea-pigs  or  rabbits  produce,  after  a short  time,  a moistening 
of  the  under  lip,  and  an  abundant  flow  of  secretion  from  the  nose 
and  eyes.  The  pupils  dilate  gradually  to  maximum  and  become 
reactionless ; the  ear-vessels  become  strongly  injected,  and  the  body 
temperature  rises  1°  to  2°.  The  hairs  bristle,  and  the  animal  occa- 
sionally shudders.  Gradually  the  salivation  ceases,  the  respiration 
and  heart-action,  which  were  at  first  hastened,  now  decrease,  the 
temperature  falls,  the  ears  become  pale,  and  the  animal  finally  re- 
covers. During  the  action  of  the  poison  the  animal  shows  a tend- 
ency to  sleep,  and  the  peristaltic  action  of  the  intestines  is  heightened. 
Larger  doses  (0.050  gram)  induce  an  exceedingly  violent  action  which 
invariably  results  in  the  death  of  the  animal.  On  post-mortem  the 
heart  is  found  to  be  stopped  in  diastole,  and  the  intestines  and  bladder 
are  contracted  ; otherwise  nothing  abnormal  is  observed. 

A Toxic  Base. — From  human  livers  and  spleens  which  were  de- 
composing for  two  weeks  in  thorough  contact  with  air  there  was  iso- 
lated, besides  cadaverin  and  putrescin,  a small  quantity  of  poisonous 
base  (Brieger,  II.,  29,  48).  The  mercuric  chlorid  precipitate  was  de- 
composed, and  the  hydrochlorids  were  precipitated  by  gold  chlorid 
(to  remove  cadaverin,  which  is  soluble),  and  the  aurochlorid  was 
then  changed  into  platinum  salt,  whereby  the  insoluble  putrescin 
platinochlorid  was  removed.  In  the  mother-liquor  from  the  putres- 
cin salt  an  easily  soluble  platinum  compound  was  detected  and 
found  to  contain  41.30  per  cent.  Pt.  It  crystallized  in  fine  needles. 
The  hydrochlorid  formed  small,  readily  deliquescent  needles,  and  did 
not  produce  a precipitate  in  alcoholic  platinum  chlorid.  Injected 
into  guinea-pigs  and  rabbits  it  induced  an  exalted  peristal ic  action 
of  the  intestines,  which  lasted  several  days  and  produced  in  the 
animals,  on  account  of  the  continuous  evacuations,  a condition  of 
great  weakness.  No  disturbance  in  the  functions  of  the  other  organs 
was  observed. 

A Base  was  isolated  from  decomposing  haddock  which  were  ex- 
posed for  five  days  during  summer  in  an  open  iron  vessel.  Brieger  (I., 
42)  found  in  the  aqueous  mercuric  chlorid  precipitate  (see  page  135) 
a base  the  hydrochlorid  of  which  crystallized  in  well  formed,  small 
needles.  The  platinochlorid  likewise  crystallized  in  beautiful  needles 
aud  gave,  on  analysis,  36.03  per  cent,  of  Pt ; 7.81  per  cent,  of  N. 
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A substance  of  muscarin-like  action  was  obtained  by  Brieger  (I., 
59)  from  putrefying  gelatin,  ten  days  at  35°,  though  in  insufficient 
quantity  to  permit  a determination  of  its  character.  The  residue 
containing  this  substance  gave,  on  distillation  with  alkali,  only 
ammonia. 

A Base  was  obtained  by  Bocklisch  (III.,  52,  53)  from  herring 
which  had  undergone  putrefaction  for  twelve  days.  It  was  found  in 
the  distillate,  together  with  trimethylamin  and  dimethylamin,  obtained 
by  distilling  the  mercuric  chlorid  filtrate,  after  the  removal  of  the 
mercury,  with  sodium  hydrate.  The  platinochlorid  was  easily  solu- 
ble, and  crystallized  in  large  thin  plates.  On  analysis  it  gave : 
Pt  = 28.57,  C = 22.34,  H = 4.66.  The  hydrochlorid  was  easily 
soluble  in  water  and  in  absolute  alcohol,  and  besides  with  platinum 
gave  only  with  phosphomolybdic  acid  a yellow  precipitate  which  was 
soluble  in  excess  and  with  ammonia  developed  an  immediate  blue  color. 
It  immediately  reduced  a mixture  of  ferric  chlorid  and  potassium 
ferricyanid  with  formation  of  Berlin  blue ; and  similarly  threw 
down  metallic  gold  from  solutions  of  gold  chlorid. 

From  poisonous  mussel,  Brieger  (III.,  79)  obtained  an  aurochlorid 
of  a base  crystallizing  in  needles.  The  quantity  isolated  was  insuffi- 
cient for  analysis.  It  is  interesting  because  of  its  property  of  in- 
ducing salivation,  a symptom  which  was  observed  by  Schmidtmann 
and  by  Crumpe  in  some  cases  of  mussel  poisoning. 

A Base  was  obtained  by  Guareschi  and  Mosso  ( Journ . fur  prak- 
tische  Chem.,  28,  508)  from  fresh  beef,  in  the  alkaline  ether  extract 
obtained  by  Dragendorff’s  method.  It  formed  a yellowish  alkaline 
fluid,  of  unpleasant  odor,  and  after  a time  gave  a deposit  of  micro- 
scopic crystals.  The  hydrochlorid  gave  the  following  reactions  : 
Gold  chlorid,  yellow  crystalline  precipitate ; platinum  chlorid,  pre- 
cipitate; potassium  iodid  and  iodin  in  hydriodic  acid,  kermes-red 
precipitate ; phosphotungstic  acid,  nothing ; phosphomolybdic  acid, 
an  abundant  yellow  precipitate ; tannic  acid,  heavy,  grayish  precipi- 
tate, same  with  Mayer’s  reagent ; picric  acid,  yellow  precipitate ; 
Marm6’s  reagent,  precipitate  soluble  in  excess  ; potassium  bichromate, 
nothing  ; potassium  permanganate  and  sulphuric  acid,  violet  color ; 
potassium  ferricyanid  and  ferric  chlorid,  Prussian-blue  precipitate. 

By  giving  a precipitate  with  tannin,  and  not  with  phosphotungstic 
acid,  it  resembles  neurin. 

Ch.  Gram  has  studied  the  decomposition  of  yeast  under  the  influ- 
ence of  an  infusion  of  hay.  The  yeast  was  allowed  to  putrefy  for 
fourteen  days,  and  was  then  treated  with  zinc  sulphate.  The  latter 
was  precipitated  by  barium  hydrate,  and  the  filtrate  after  the  removal 
of  the  barium  by  sulphuric  acid  was  evaporated  to  dryness  and  ex- 
tracted with  absolute  alcohol.  The  alcoholic  solution  was  evaporated, 
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and  the  residue  again  extracted  with  alcohol.  The  extraction  residue 
was  taken  up  with  water,  and  again  subjected  to  the  above  treatment 
with  zinc  sulphate,  barium  hydrate,  etc. 

The  filtrate  was  poisonous  and  produced,  in  frogs,  paralysis  and 
stoppage  of  the  heart  in  diastole.  Addition  of  platinum  chlorid  and 
alcohol  precipitated  two  bases.  One  of  these,  although  possessing  a 
curara-like  action,  did  not  affect  the  heart.  When  its  solution  was 
heated  for  twenty-four  hours  on  a water-bath  it  caused  general  paraly- 
sis and  stoppage  of  the  heart.  The  platinochlorid  contained  38.05 
per  cent,  of  platinum. 

The  other  base  also  possessed  a slight  curara-like  action  and 
its  platinochlorid  gave,  on  analysis,  40.92  and  39.4  per  cent,  of 
platinum. 

Brieger  found  a basic  substance  in  small  quantities  in  cultures  of 
the  staphylococcus  pyogenes  aureus  on  bouillon  and  beef-broth 
(II.,  74).  The  hydrochlorid  formed  groups  of  colorless  non-deli- 
quescent  needles.  With  platinum  chlorid  it  yielded  a double  salt, 
crystallizing  in  needles,  and  containing  32.93  per  cent,  of  Pt.  For 
its  reactions,  see  Table  I. 

From  aqueous  as  well  as  alcoholic  extracts  of  cultures  of  staphylo- 
coccus aureus,  Leber  (1888)  isolated  a crystalline  substance  which 
he  named  phlogosin.  The  composition  of  this  substance  is  not  known. 
It  does  not  seem  to  contain  nitrogen,  and  inasmuch  as  it  blackens 
silver  it  probably  contains  sulphur.  It  crystallizes  in  fine  needles 
which  are  soluble  in  ether  and  in  alcohol ; difficultly  soluble  in  water. 
It  sublimes  in  needles.  Alkalis  precipitate  it  as  amorphous  yellow 
floccules  which  are  soluble  in  acid  and  then  can  be  recrystallized. 
With  potassium  ferricyanid  and  ferric  chlorid  it  yields  a blue  color, 
and  with  potassio-mercuric,  cadmic,  and  bismuth  iodids  precipitates 
which  are  soluble  in  excess.  No  precipitate  is  produced  by  gold  or 
platinum  chlorid,  phosphotungstic,  or  molybdic,  tannic,  or  picric 
acids. 

A small  quantity  applied  to  the  conjunctiva  produces  intense 
inflammation,  suppuration,  and  necrosis.  Introduced  into  the  anterior 
chamber  it  induces  intense  suppuration  and  keratitis.  The  substance 
is  entirely  distinct  from  the  base  obtained  by  Brieger  and  described 
above. 

A Base — boiling-point  about  284° — was  obtained  by  Brieger  (II., 
61)  from  human  livers  and  spleens  which  were  putrefying  for  two  or 
three  weeks.  It  occurs  in  the  mercuric  chlorid  filtrate,  as  described 
under  saprin,  page  279,  together  with  some  mydalein,  trimethylamin, 
and  a hydrocarbon.  The  filtrate,  after  the  mercury  is  removed  by 
hydrogen  sulphid,  is  evaporated  to  dryness,  and  finally  the  last  traces 
of  water  are  removed  in  a vacuum.  The  residue  is  then  treated  with 
absolute  alcohol,  and  from  this  alcoholic  solution  the  mydalein  is 
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precipitated  by  the  addition  of  alcoholic  mercuric  chlorid.  The  tri- 
methylamin  is  separated  by  distillation  of  the  alkaline  filtrate,  pre- 
viously deprived  of  its  mercury  by  hydrogen  sulphid  ; while  the 
mother-liquor  yields  an  oily  mixture  of  hydrocarbons  and  bases. 
The  latter  were  separated  by  fractional  distillation,  whereby  only  one 
of  the  bases  was  obtained  in  sufficient  quantity  for  study.  It  boiled 
at  about  284°,  and  gave  with  hydrochloric  acid,  on  evaporation,  a 
salt  crystallizing  in  beautiful,  long  needles  which  were  very  easily 
soluble  in  perfectly  absolute  alcohol.  With  gold  chlorid  and  picric 
acid  it  gave  only  oily  products ; with  ferric  chlorid  and  potassium 
ferricyanid,  an  intense  blue ; with  platinum  chlorid,  an  extremely 
easily  soluble  double  salt  which  appeared  under  the  microscope  in 
the  form  of  very  fine  needles  ; while  from  alcohol-ether  the  double 
salt  slowly  separated  in  thin  plates  which  contained  30.36  per  cent, 
of  platinum.  The  free  base  showed  a slight  fluorescence.  It  is 
not  poisonous  and,  according  to  Brieger,  is  probably  a pyridin 
derivative. 

Other  non-poisonous  bases  were  present  in  very  small  quantity  in 
the  mother-liquor  described  above,  after  the  separation  of  the  oily 
mixture. 

Peptotoxin. — By  this  name  Brieger  (I.,  14-19)  designated  a 
poisonous  base  which  he  found  in  some  peptons,  and  hence  in  the 
digestion  of  fibrin  ; in  putrefying  albuminous  substances,  such  as 
fibrin,  casein,  brain,  liver,  and  muscles.  It  is  a well  known  fact  that 
animal  tissues,  in  the  early  stages  of  putrefaction,  possess  strong  toxic 
properties,  even  before  the  decomposition  has  advanced  far  enough  to 
effect  a marked  splitting  up  of  the  proteid  and  carbohydrate  mole- 
cules. Brieger  and  others  have  tried  to  seek  an  explanation  of  this 
toxicity  by  connecting  it  with  an  early  peptonization  of  the  proteids 
brought  about  by  the  action  of  enzymes  which  are  distributed 
throughout  the  tissues,  and  which  begin  their  activity  immediately 
after  death.  This  poison  has  not  been  definitely  isolated,  but  its 
general  properties  and  action  have  been  studied  by  Brieger,  who  pre- 
pared it  by  digesting  fibrin  for  twenty-four  hours  with  gastric  juice 
at  the  temperature  of  the  blood.  The  perfectly  fresh  pepton  thus 
obtained  was  evaporated  to  a syrupy  residue,  and  this  was  then 
extracted  with  boiling  alcohol.  The  residue  left  on  evaporation  of 
the  alcoholic  solution  was  digested  for  some  time  with  amyl  alcohol 
which  on  subsequent  evaporation  gave  amorphous  brownish  masses. 
This  extract  was  then  purified  by  neutral  lead  .acetate.  The  filtrate, 
after  the  removal  of  the  lead  by  hydrogen  sulphid,  was  repeatedly 
extracted  with  ether,  then  evaporated  to  dryness  and  extracted,  as 
before,  with  amyl  alcohol.  This  final  extract  was  evaporated  to 
drive  off  the  alcohol,  taken  up  with  water  and  filtered.  The  color- 
less aqueous  solution  thus  obtained  contains  the  poisonous  substance 


Pliosphomolvbdic 

Acfd. 

Pliosphoantimonic 

Acid. 

Picric  acid. 

Tannic  acid. 


Platinum  Clilorid. 


Mercuric  Clilorid. 


Ferric  Clilorid  and 
Potassium  Ferri- 
cyanid. 

Potassium  Bichro- 
mate and  Con- 
centrated Sul- 
phuric Acid. 


White  crystalline 
precipitate,  easily 
soluble  in  water. 


Yellow  precipi- 
tate crystallizing 
in  needles. 


Trimethylamin 

Hydrochlorid, 

N(CHS),.HC1. 


Yellowish  pre- 
cipitate. 


Yellowish-white 
crystalline  pre- 
cipitate. 


Brown  precipi- 
tate, solidifying 
after  some  time 
in  plates. 


Diethylnmiu 

Hydrochlorid, 

N(C,H6)3H.HC1. 


Precipiti 
soluble  i 


First  amorphous, 
then  assumes 
cauliflower  shape. 
Whitish  precipi- 
tate. 


Oily  precipitate, 
soon  becomes 
granular. 


Precipitate  in 
concentrated  so- 
lution. Alcoholic 
HgCl,  = 0. 
Brown  oily  pre- 
cipitate. 


Table  I. — Tabulae  View  of  the  Reactions'  of:  Certain  Pto mains. 


A Base  (p.  I 
C10H16N.E 


Yellowish-white 

precipitate. 


Heavy  yellow  pi 
cipitate, difficultly 
ol.  in  NH.OH, 
no  blue  color. 


Precipitate  of  red 
plates. 


Yellow  crystal- 
line precipitate. 


Heavy  yellow  pre- 
cipitate. 


White  precipitate. 


Kermes-colored 

precipitate. 


Immediate  Berlin 
blue  precipitate. 

Potassium  bichro- 
mate = yellow, 
hardly  crystalline 
precipitate. 


Ethylidenedia- 
miu  Hydro- 
chlorid, 
C2II,N3.2HC1. 


White  precipitate. 


Yellowish-wliite 
iipltatc,  solu- 
exeess. 


precipit: 


Putrescin, 

C4H13N2. 


Yellow  needles. 


Dirty-white  pre- 
cipitate. 


Oily  preeipitnte, 
soon  becomes 
crystalline. 


White  precipitate, 
easily  soluble  in 
excess. 


White  crystalline 
precipitate,  solu- 


White  crystalline 
precipitate. 


Yellow  needles. 


White  nmorphous 
precipitate. 


Cadaveriu, 

C0II14N3. 


When  perfectly 
pure,  no  blue 
color. 


Putrescin 

Hydrochlorid, 

C4H13N3.2HC1. 

Cndnverin 

Hydrochlorid, 

C8H14N3.2HCl. 

Neuridin 

Hydrochlorid, 

C8Hl4N3.2HCl. 

Methyl  guanidin 
Hydrochlorid, 
CaH7N3.HCl. 

White  precipitate 

White  precipitate 
easily  soluble  iu 
excess. 

White  nmorphous 
precipitate,  solu- 
ble in  excess. 

Yellow  precipi- 
tate. 

White  crystalline 
precipitate  j yel- 
low precipitate 
( Hocklisch). 
White  precipilate 
soluble  in  excess. 

White  crystalline 
precipitate. 

White  flocculent 
precipitate. 

Yellow  crystal- 
line preeipitnte. 

Well-formed  diffi- 
cultly soluble 
broad  needles. 

Yellow  needles. 

Precipitates 
slowly  in  beauti- 
ful yellow  needles 

First  amorphous, 
then  crystnllizes 
in  needles. 

Id. 

Red  needles. 

Red  amorphous 
precipitate. 

Brick-red  precipi- 
tate. 

Crystalline  pre- 
cipitate. 

Brown  crystalline 
precipitate. 

Brown  needles. 

° 

Alcoholic  HgCla 
gives  precipitate 
in  cone,  solution. 
Oily  drops. 

Id. 

Id. 

0 

Id. 

when  pure. 

Frdhde’s  reagent 
= 0. 

precipitate  which 
soon  disappears. 

Neurin  Clilorid, 
C5H13N.CI. 


White,  pulveru- 
leut  crystalline 
ppt. 

White  crystalline 
precipitate,  in- 
soluble in  excess. 

White  volumin- 
ous precipitate. 


Dirty-white  volu 
minims  precipi- 
tate soluble  in 
excess. 

Red  to  black 
amorphous 
precipitate. 
Yellowish-white, 
volumiuous  pre- 
cipitate, crys- 
talline. 


A yellow,  cheesv 
crystalline  pre-’ 
cipitate. 

An  orange  col- 
ored crystalline 
precipitate. 

White  granular 
preeipitnte, 
crystalline. 

Brown  amor- 
phous pulveru- 
lent or  crystal- 
line precipitate. 


Cholin  Chlorid, 
CtHl4N0.Cl. 


Whitepreoipitate, 
insoluble  iu 
water,  on  stand- 
ing becomes 
crystallized. 
Voluminous  pre- 
cipitate. 

White  curdy  pre- 
cipitate. 


Dirty-white  floc- 
culent ppt. 
soluble  in  excess. 

Red  amorphous 
" recipitate. 

lowish  crys- 
ine  precipi- 
tate. 


White  cryst.  ppt 
soluble  in  excess. 


Betain  Chlorid, 
C,HI3N03.C1. 


A precipitate, 
readily  soluble 
iu  excess. 
Yellow  needles. 


Typhotoxin 

Hydrochlorid, 

C,H17N03.HC1. 


White  crystalline 
precipitate. 


Yellow  crystal- 
line precipitate. 


Difficultly  soluble 
precipitate. 


No.  ppt. 


White  granular 
or  crysg  precipi- 
tate. appears 
(slowly. 

Brown  granular 
precipitate. 

A Precipitate  of 
fine  needles. 


Clear  yellow,  oily 
precipitate,  solu- 
ble iu  excess  ; 
when  sides  are 
rubbed  = yellow 
needles. 


A precipitate  of 
short  prisms 
rather  easily 
soluble. 

Oily  precipitate. 


Resinous  precipi- 
tate. 

Oily  drops  which 
do  not  become 
crystalline. 


A Base  (p.  318), 
C7H17N02.IIC1. 


White  precipitate. 


Brick-red 
amorphous  pre- 
cipitate. 

At  first  an  oily 
precipitate, 
which  soon  solidi- 
fies to  needles 


, Base  from  Cul- 
tures of  Typhoid 
Bacillus 
(Brieger,  ii. 


Mydalein 

Hydrochlorid. 


White  precipitate. 


Yellowish-white 
nmorphous  pre- 
cipitate. 

Reddish-brown 

precipitate. 

Yellowish-white 

precipitate. 


White  precipitate, 
soluble  in  excess. 


Yellow  amor- 
phous precipi- 
tate. 


Voluminous 
white  precipitate. 


Yellow  oily  pre- 
cipitate. 


Dirty-brown  oilv 
precipitate. 


Yellow  oily  pre- 
cipitate. 


Oily  drops. 


Microscopic 
needles  united  iu 
tufts. 


A compact  yellow 
precipitate. 


Cadmium  bis- 
muth lodid  = a 
red  precipitate. 
A precipitate. 


Iloilo's  PtoinaYn 
of  Anthrax 
Bacillus, 


PtomaYn  from 
Cultures  of 
Staphylococcus 
pyogenes  aureus. 


e precipitate  White  precipitate 
soluble  in  excess, 


Heavy  yellow  pre- 
cipitate. 


Voluminous 
white  precipitate. 


Clear  yellow 
precip'itnte. 


White  granulnr 
preeipitnte. 


Golden-yellow 

precipitate. 


Yellow  flocculent 
precipitate. 


Yellow  needles. 


Heavy  white  pre- 
cipitate, soluble 
in  NH40H. 


Yellowish  precipi- 
tate, soluble  iu 
NH4OII ; no  blue 
color. 


Flocculent  yel- 
lowish-white 
precipitate. 


Dirty-brown  oily  | Brown  precipi- 
precipitnte.  : tate. 


Yellowish  pre- 
cipitate. 


Yellowish-white 

precipitate. 


Browuish-yellow 

preeipitnte. 


Faint  rose  color. 


Addition  of  alco- 
hol produces  a 
slight  precipitate. 


Dirty-brown  pre- 
cipitate. 


PEPTOTOXIN. 
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which,  however,  can  only  with  extreme  difficulty  be  brought  to  crys- 
tallization in  vacuo. 

Salkowski  in  eight  digestion  experiments  with  fresh  fibrin  obtained 
a poisonous  extract  in  but  one  case.  On  the  other  hand,  putrid 
fibrin  or  prolonged  digestion,  both  implying  bacterial  activity,  yield 
a poisonous  product.  Peptic  digestion  of  serum-albumin,  egg- 
albumin,  and  meat  likewise  gave  negative  results.  In  view  of  these 
facts  as  well  as  its  presence  in  putrefying  proteids,  Salkowski  con- 
cludes that  a peptotoxin  (in  the  sense  of  Brieger)  does  not  exist. 
That  poisonous  products  develop  in  meat  and  in  proteids  on  putre- 
faction is  well  established.  In  1891  Brieger  ascribed  a proteid 
nature  to  peptotoxin,  excluding  it  from  thebases.  Stadthagen  exam- 
ined normal  urine  for  peptotoxin,  but  failed  to  find  it. 

From  animals  with  extensive  burns  Kijanitzin  has  isolated,  by 
means  of  Brieger’s  method  for  peptotoxin,  from  the  urine,  blood, 
and  especially  the  organs,  a substance  resembling  peptotoxin  in 
chemical  and  physiological  behavior.  Atropin  antagonizes  its  action. 
The  clinical  symptoms  in  cases  of  extensive  burns  are  closely  allied 
to  those  observed  in  animals  when  a part  or  whole  of  the  body  is 
varnished.  Rabbits  die  when  of  the  body-surface  is  varnished. 
Death  in  these  cases  has  been  explained  by  excessive  loss  of  heat  or 
by  lack  of  excretion  of  waste  products  of  the  skin.  Kijanitzin  holds 
that  the  varnishing  alters  the  chemical  products  of  cells  of  the  skin 
so  that  poisons  are  formed  and  carried  throughout  the  body  as  in 
skin-burns. 

Peptotoxin,  when  in  its  purest  condition,  as  shown  by  its  failure 
to  give  the  biuret  test,  possesses  a neutral  reaction.  Its  behavior 
to  Millon’s  reagent  is  quite  characteristic ; it  gives  a white  pre- 
cipitate which  on  boiling  becomes  intensely  red.  Because  of  this 
reaction,  Brieger  is  inclined  to  regard  this  substance  as  a hydroxyl 
or  an  amido  derivative  of  benzol.  The  ptomai’n  can  be  extracted 
from  acid  as  well  as  alkaline  solution  by  amyl  alcohol — more  diffi- 
cultly in  the  cold  than  on  heating.  It  is  absolutely  insoluble  in 
ether,  benzol,  and  chloroform ; very  soluble  in  water.  It  is  not 
destroyed  by  boiling,  by  passing  hydrogen  sulphid,  or  by  strong 
alkalis  ; but  is  destroyed,  however,  when  the  putrefaction  lasts  longer 
than  eight  days.  For  its  behavior  to  reagents,  see  Table  I. 

Various  observers  have  shown  that  pepton  possesses  a toxic  action, 
and  some  have  been  led  to  regard  this  toxicity  as  not  due  to  the 
pepton  itself,  but  rather  to  the  presence  of  this  or  some  other 
ptomain.  At  least  Brieger  found  one  specimen  of  dry  Witte’s  pepton 
to  be  perfectly  harmless  ; whereas,  the  fresh  pepton  formed  by  fibrin 
digestion  possessed  strong  toxic  powers.  Moreover,  this  non-poison- 
ous  pepton  when  exposed  to  the  action  of  gastric  juice  was  found  to 
yield  the  poisonous  substance.  It  is  indeed  probable  that  pepto- 
toxin is  not  a distinct  compound  but  rather  a mixture  as  in  the  case 
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of  the  toxalbumins.  The  poisonous  nature  of  proteids  and  the  physio- 
logical action  of  this  base  will  be  described  later. 

Pyocyanin,  C14H14N20,  is  the  coloring  matter  of  blue  pus,  and  is 
produced  by  the  action  of  the  bacillus  pyocyaneus.  It  was  isolated 
by  Ledderhose  (1887)  and  is  said  to  be  an  anthracene  derivative. 
On  contact  with  the  air  it  is  oxidized  to  pyoxanthose,  a yellow  sub- 
stance. According  to  Kunz,  it  contains  nitrogen  and  sulphur.  The 
picrate  is  of  a dark  reddish-brown  color ; the  platinum  salt  is  black, 
and  sometimes  is  obtained  as  glittering  fine  golden  needles. 

Table  of  Ptomains. 


Formula. 


Name. 


Discoverer. 


Physiological 

Action.* 


c h5n 

C,  H,  N 
C,  H,  N 
C,  HSN 
C,  H7  N 
c*  HUN 
C8  h16n 
C3  II8  n 
C4  HUN 

Qs  h„n  (?) 

C5  H1SN 
C6  H16N 
C,  H„N 
C8  H„N 
C8  HUN 
C8  H13N 
C9  H13N 

Ci0H15N 

Q»h„n 
c,  h8  n, 

Cs  H,  N, 

C3  H„  N, 

C4  H,tNt 
C5  HmN, 

C5  h14n, 

C5  H14N, 

C6  hmn, 

C,  H10N, 
C10H56N3  (?) 

c,  h7  n, 

t3j#Hj7N* 

c13h30n4 

Ci7H38N4 

c„hmn4 
c6  h13n  o 

C8  H„N  0 
C5  HUN  O, 
C3  HjjN  Oa 
CB  H1SN  O, 


Methylamin. 

Dimethylamvn. 

Trimethylamin. 

Spermin  (?). 

Ethylaruin. 

Diethylamin. 

Triethylamin. 

Propylamin. 

Butylamin. 

Tetanotoxin. 

Araylamin. 

Hexylamin. 

Di-hydrolutidin. 

Collidln  (?). 

Pyridin  base  (?). 
Hydrocollidin  (?). 
Parvolin  (?). 

Unnamed. 

Pyridin  base  (?). 
Unnamed. 

Ethylidenediamin  (?). 
Anthracin. 

Trimetliylenediamin  (?). 
Putrescin. 

Cadaverin. 

Neuridin. 

Saprin. 

Hexamethylenediamin. 

Unnamed. 

Susotoxin. 

Methyl  guanidin. 
Morrhuin. 

Unnamed. 

<< 

Asellin. 

Neurin. 

Mydin. 

Aamido-valerianic  acid. 
Cholin. 

Mydatoxin. 


Bocklisch. 

Brieger. 

Dessaignes. 

Kunz. 

Hesse. 

Bocklisch. 

Brieger. 

U 

Gautier  & Mourgues 
Brieger. 

Hesse. 

H 

Gautier  & Mourgues 
Nencki. 

O.  de  Coninck. 

Gautier  & Etard. 

<■  ■(  << 

Guareschi  & Mosso. 
O.  de  Coninck. 
Del&inier. 

Brieger. 

Hoffa  (1889). 
Briefer. 

li 

H 

a 

Garcia. 

Morin. 

Novy. 

Brieger. 

Gautier  & Mourgues 
Oser. 

Gautier  & Etard. 
Gautier  & Mourgues 

Brieger. 

<< 

E.  & H.  Salkowski. 
Brieger. 

U 


Non-poisonous. 
c<  a 

n a 

u tt 

a a 

a a 

a a 

Poisonous  (?). 
Poisonous. 

it 

it 

ti 


Poisonous. 

Poisonous. 

Poisonous. 

Poisonous. 

Not  very  poisonous. 

<(  it  «« 

Non-poisonous. 
n a 

Non-poisonous. 

Poisonous. 

a 

Diuretic,  etc. 

Poisonous. 

11 

Non-poisonous. 

<<  n 

Poisonous. 

11 


1 Only  those  bases  are  here  denoted  as  poisonous  which  possess  a decided  toxicity. 


Table  II. — PtomaIns  in  Toxicological  Exa 

Note. — The  Greater  Part  of  this  Table  has  been  Taken  Direct  from 


Solvent. 

Residue. 


Tannic  Acid. 

(■old  Chlorid. 
Platinum  Chlorid. 

Iodin  in  Potas- 
sium Iodid. 
Frohde’s  Reagent. 


Sulphuric  Acid 
and  Potassium 
Bichromate. 
Nitric  Acid. 


Hydrochloric 

Acid. 

Mercuric  Chlorid. 

Potassium  mercuric 
Chlorid. 

Chlorin  water. 


Yellow  precipitate, 
on  warming  green  ; 
with  NH40H,  blue. 


Liver  of  decompos- 
ing cadnver  and  of 
fresh  liver  of  ox. 


Ether  (acid  and 
alkaline). 
Amorphous,  not 
bitter. 


Decomposing 
liver,  kidney,  and 
stomach. 


White  precipitate. 


Yellowish  precipi- 
tate. 

Yellowish-brown 

precipitate. 


Gradual 
cloudiness. 
Bluish-yellow 
precipitate. 
Dirty-yellow  six- 
sided  stars. 
Clear  brown  pre- 
cipitate. 
Splendid  blue, 
later  green. 
Yellow  precipitate ; 
with  NH4OH, 
blue. 

Dirty  brownish- 
yellow,  unchanged 
on  warming. 
Reddish-brown, 
then  grass-green. 

Yellow. 


Deliquescent 
white  needles. 
White  crystalline 
precipitate. 
Dirty  white  pre- 
cipitate. 


Liebermann. 


Putrefying 
stomach  and 
contents. 


Ether  (acid  and 
alkaline). 
Resiuous,  brown- 
ish, soluble  in 
water;  acid  taste. 


Ether  (alkaline). 


Greasy  brownish 
mass,  with  crystals. 


White  precipitate. 


Yellow  precipitate. 


Colorless,  then 
slight  reddish-violet 
color. 


Yellow  spots  on 
evaporation. 


White  precipitate. 

Yellow  crystalline 
precipitate. 

Brownish-yellow 

precipitate. 

Kermes-brown 

precipitate. 


Heavy  tlocculent 
precipitate. 


Liver,  kidney, 
stomach  and  intes- 
tine of  an  ex- 
humed arsenic- 
coutaiuing  body. 


Cadaver. 
Death  by  asphyxia. 


Brown  extract. 


White  precipitate. 
Brown  precipitate. 


MINATIONS. 

abner’s  Inaugural  Dissertation. 


Dentl 

cy 


Cidaver. 
by  hydro- 
uic  acid. 


White  cloudiness.  | Curdy  white  pre- 
cipitate. 


Heavy  white  pre- 
cipitate. 


Causes  mydriasis 
and  increase  in  the 
rate  of  heart-beat. 


Yellow  precipitate. 


On  warming 
becomes  yellow. 


White  precipitate. 


White  precipita  o. 
Yellow  precipita 


Kermes-brown  prcci  litntc. 


White  precipitate. 
On  warming,  violet. 


browp 
Intense  green 

Golden-yellow 


Yellow  precipitate. 


Abundnnt  yellow 
precipitate.  Iodic 
aciu  is  reduced. 

Silver  nitrate, white 
precipitate  with 
reduction  of 
silver.  Ferric 
chlorid  =0. 


Brouardel  and  Boutmy. 


In  fro  is,  produces 
slowin ' of  heart, 
paral  sis,  death. 


Parts  of 

putrefying  goose 
and  cadaver. 


Alkaline,  volatile 
liquid ; odor  that 
of  urine  of  mice. 


Bauinert 

(Liobermnnn). 


Ether  (acid). 

Yellow,  nmorphous; 
taste  sharp,  bitter. 


White  precipitate. 
Violet  precipitate. 


Colorless ; on 
warmiug,  violet. 


Cherry-red  on 
heating. 


Abundant 

precipitate. 


Potassium  ferri- 
cyanid  is  reduced, 
II,S04  + BaHa0,= 
brick  red ; on" 
warming,  violet. 


Kermes-brown 

precipitate. 

Orange-red. 


Same  as  colchicin. 

A precipitate, 
colchieln=0. 

Zeisel’s  reaction=0, 
colchicin,  green. 
Ferric  salts=blue. 
Millon’s  reagent 
showed  presence  of 
peptou. 


Non-poisonous.  Non-poisonous.  Nou-poisonous. 


Same  as  colchicin: 
soluble  in  alcohol. 
Same  as  colchicin. 

A precipitate, 
colchicin=0. 
Same  as  colchicin. 


Same  as  colchicin, 
blue  with  NH40H. 


Dark-yellow  color, 
concentrated  HNO. 
= carmine  red, 
which  with  water 
gives  yellow. 


Petroleum-ether 
(alkaline). 
Bright  yellow  oil. 


Intensely 

poisonous. 
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Table  of  Ptomains. — Continued. 


Formula. 

Name. 

Discoverer. 

Physiological 

Action.’ 

Cg  HUN  0, 

Unnamed. 

Brieger,  1888. 

Non-poisonous. 

C8  H„N  0, 

Mytilotoxin. 

Briefer. 

Poisonous. 

C,  H„N  O, 

Gadinin. 

tt 

c,  h„n  0, 

Typhotoxin. 

a 

tt 

C,  H„N  O, 

Unnamed. 

u 

it 

CuIIuN,0 

Pyocyanin. 

Ledderhose. 

Non-poisonous. 

C5  HUN  03 

Betain. 

Brieger. 

it  it 

Cs  Hl5N  0, 
C,  H„N  Oa 

Muscarin. 
Morrhuic  acid. 

It 

Gautier  & Mourgues 

Poisonous. 

Cj  ii j j iN  j(J4 

Unnamed. 

Pouchet. 

Poisonous. 

c,,HMN,o4 

G14H50N,O4 

Tetanin. 

Unnamed. 

Brieger. 

Guareschi. 

tt 

c1.h„n104 

tt 

Lepierre. 

Poisonous. 

C7  HIgN,Oe 

it 

It 

Tyrotoxicon. 

Mydalein. 

Spasmotoxin. 

A diamin  (?). 

Peptotoxin. 

Phlogosin. 

Pouchet. 

tt 

Vaughan. 

Brieger. 

a 

n 

tt 

Leber. 

tt 

it 

tt 

ft 

tt 

t< 

tt 

Inflammatory. 

'Only  those  bases  are  here  denoted  as  poisonous  which  possess  a decided  toxicity. 
For  Griffiths’  bases,  see  page  261. 


CHAPTER  XV. 

CHEMISTRY  OF  THE  LEUCOMAINS. 


Under  this  head  are  classed  those  basic  substances  which  exist 
preformed  in  the  proteids  or  other  constituents  of  the  body  or  are 
produced  as  products  of  tissue  metabolism.  The  proteid  molecule  is 
usually  the  parent  of  the  ptomains  and  also  of  the  leucomai'ns.  The 
distinction  between  these  two  groups  is  therefore  necessarily  imper- 
fect and  unsatisfactory.  In  the  one  case  bacteria  are  at  work  and 
split  up  the  proteid,  giving  rise  to  ptomains.  The  latter  are  essen- 
tially cleavage  products  and  the  differences  which  exist  among  these 
bases  are  to  be  sought  largely  in  the  peculiar  composition  of  the  pro- 
teid acted  upon  and  perhaps  to  less  extent  in  the  individual  germ 
which  is  the  active  agent  of  destruction.  The  fact  that  few,  if  any, 
of  the  ptomains  can  be  shown  to  be  synthetic  products  indicates  that 
the  bacteria  or  their  enzymes  act  largely  as  hydrolytic  agents. 

Obviously,  the  living  animal  cell,  through  its  enzyme,  may  produce 
the  same  or  similar  basic  products  which,  however,  being  non-bacterial 
in  origin  are  designated  as  leucomains.  Furthermore,  these  basic  sub- 
stances may  be  liberated  by  the  direct  action  of  hydrolytic  agents 
other  than  enzymes.  Thus,  to  illustrate,  the  nuclein  molecule  when 
acted  upon  by  bacteria  yields  the  xanthin  bases.  The  latter  are 
formed  in  the  living  animal  and  plant  in  tissue  metabolism  and  also 
result  by  the  action  of  dilute  mineral  acids.  The  hexon  bases,  while 
they  have  not  been  as  yet  found  to  be  bacterial  products,  will  un- 
doubtedly be  shown  to  be  such,  for  the  reason  that  they  are  formed 
by  the  enzymes  of  yeast,  of  germinating  plants,  of  pancreas  and  of 
the  liver,  and  because  they  are  easily  split  off  from  proteids  by  the 
action  of  acids.  Again  lecithin,  the  parent  substance  of  cholin,  is 
widely  distributed  in  plants  and  animals.  It  yields  cholin  when 
acted  upon  by  bacteria  or  by  acids,  or  when  it  undergoes  metabolism 
in  the  living  plant  or  animal.  The  same  is  true  for  the  well  known 
ptomains,  putrescin  and  cadaverin,  which  according  to  Lawrow  are 
formed,  undoubtedly  from  lysin  and  arginin,  in  the  sterile  autodiges- 
tion of  pigs’  stomachs. 

The  first  attempt  at  the  systematic  study  and  generalization  of 
these  basic  substances  was  made  by  Gautier,  who  applied  to  them  the 
name  leucomains,  a term  derived  from  the  Greek,  fo6%(oua,  signify- 
ing white  of  eggs.  Under  this  name  he  included  all  those  basic 
substances  which  are  formed  in  animal  tissues  during  life,  in  contra- 
distinction to  the  ptomains  or  basic  products  of  putrefaction.  Many 
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of  these  bases  exist  preformed  in  plants  or  can  be  readily  prepared 
from  them. 

Thus  vegetable  tissues  are  known  to  contain  not  only  what  are 
ordinarily  designated  as  ptomaine,  such  as  cholin,  but  also  leuco- 
mains, of  the  hexon  and  purin  group.  Indeed,  in  this  latter  group 
must  be  placed,  on  account  of  their  relation  to  xanthin,  those  well 
defined  alkaloidal  bases,  caffein,  theophyllin  and  theobromin.  Not 
only  are  the  representatives  of  these  two  divisions  of  basic  substances 
common  to  both  kingdoms,  but  their  parent  bodies,  lecithin,  nuclein, 
and  proteids  occur  in  both,  and  hence  give  rise  to  the  same  bases  on 
decomposition. 

Gautier  believed  that  the  leucomains  are  being  formed  continu- 
ously and  incessantly  in  the  animal  tissues  side  by  side  with  the  for- 
mation of  urea  and  carbonic  acid,  and  at  the  expense  of  the  nitrog- 
enous elements.  It  is  quite  probable,  as  Kossel  has  pointed  out, 
that  some  of  these  products  are  in  themselves  antecedents  of  end- 
products  of  metabolism.  This  is  unquestionably  true  of  the  amido 
group,  which  exists  in  the  adenin  and  guanin  molecules,  and  through 
vital  or  putrefactive  processes  is  split  off,  giving  rise  to  ammonia 
which  in  turn  serves  to  form  urea.  More  than  that,  the  researches 
of  the  past  few  years  have  shown  that  the  purin  and  hexon  bases, 
while  primary  cleavage  bodies,  are  largely  broken  down  into  more 
simple  metabolic  products.  Thus,  the  uric  acid  which  is  formed  in 
certain  organs  in  the  body  of  mammals  is  chiefly,  if  not  wholly,  de- 
rived by  the  oxidation  of  the  purin  bases  or  of  their  antecedent. 
The  kidneys,  muscles  and  even  the  liver  itself  may  destroy  uric  acid, 
and  for  that  reason  the  amount  of  uric  acid  excreted  does  not  indicate 
the  amount  that  is  formed  (Wiener).  The  cleavage  of  uric  acid  into 
allantoin,  oxalic  acid  and  urea  is  well  known,  and  Minkowski  has 
recently  shown  that  allantoin  is  also  formed  after  the  administration 
of  purin  bases,  as  well  as  of  thymus  glands. 

Bouchard  endeavored  to  explain  the  presence  of  leucomains  in 
the  urine,  by  supposing  that  they  were  originally  formed  in  the 
intestinal  tract,  from  which  they  were  absorbed  into  the  system,  to 
be  subsequently  eliminated  by  the  kidneys.  This  view  lias  also  been 
brought  forward  by  Schiir  (1886)  who  held  that  these  bases  may  be 
formed  by  putrefactive  changes  in  the  intestinal  tract,  in  which  case 
they  are  absorbed  into  the  circulatory  system,  whence  they  may  be 
partly  eliminated  by  the  kidneys  or  may  be  partly  deposited  in  the 
tissues  themselves. 

The  views  of  Bouchard  and  Schiir  have,  to  a certain  extent,  been 
confirmed  by  the  investigations  of  Udrdnszky  and  Baumann,  who 
showed  that  the  well  known  ptomalns  cadaverin  and  putrescin  occur 
in  the  urine  in  cystinuria,  and  are  formed  by  putrefactive  changes 
induced  in  the  intestinal  tract,  probably  by  specific  microorganisms. 
Under  this  same  head  fall  the  observations  of  Wolkow  and  Bau- 
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mann,  that  alkapton  is  produced  from  tyrosin  by  similar  changes  in 
the  intestines.  The  production  of  intestinal  products,  their  absorp- 
tion and  excretion  by  the  kidneys,  is  likewise  seen  in  such  well 
known  compounds  as  phenol,  indol,  skatol,  etc.  The  origin  of  the 
true  leucomains  cannot,  however,  be  accounted  for  in  this  manner, 
for  they  are  indissolubly  connected  ■with  the  metabolism  of  the  cell 
itself,  and  are,  therefore,  formed  in  the  tissues  and  organs  proper.  As 
such  they  are  endogenous  whereas  the  intestinal  products  are  chiefly 
the  result  of  bacterial  action  and  are  therefore  of  exogenous  origin. 

The  leucomains  have  been  credited  by  many  as  playing  the  chiet 
r6le  in  auto-intoxications.  It  should  be  noted,  however,  that  most 
of  the  basic  bodies  which  have  been  studied  up  to  the  present  are 
far  from  being  poisonous.  The  antecedents  of  these  bases,  how- 
ever, such  as  the  nucleinic  acids  and  more  especially  the  histons  and 
protamins  exert  a pronounced  toxic  action  and  hence  may  play  a 
most  important  part  in  auto-intoxications.  Of  course,  it  must  be 
admitted  that  there  may  be  generated  within  the  body  toxic  leuco- 
mains which,  as  yet  unknown,  normally  undergo  prompt  destruction. 
The  fact  that  amino  derivatives  of  purin  and  pyrimidin  are  highly 
toxic  is  deserving  of  attention. 

The  known  sources  of  leucomains  are  the  nucleins  of  the  nuclei  and 
the  proteids  of  the  protoplasm  of  the  cells.  The  former  gives  rise 
to  the  purin  and  pyrimidin  bases  whereas  the  latter  generate  the  hexon 
bases.  In  addition  to  these  there  is  a fairly  large  number  of  substances, 
as  yet  but  poorly  studied,  which  remain  to  be  accounted  for.  Cholin 
and  allied  bodies  may  be  looked  upon  as  leucomains  derived  from 
lecithin.  They  have  been  described  in  the  preceding  chapter. 

The  leucomains  may  be  divided  into  the  following  groups  : (1) 
the  purin  or  uric  acid  group  ; (2)  the  'pyrimidin  group  ; (3)  the  hexon 
bases ; (4)  the  creatinin  group. 

The  first  of  these  divisions  contains  a number  of  well  known  bases 
which  are  derivatives  of  purin  and  for  that  reason  are  closely  allied 
to  uric  acid. 


Purin, 

Adenin, 

Hypoxanthin, 

Guanin, 

Methyl  guanin, 

Xanthin, 

( Uric  acid, 

1-METHYL  XANTHIN, 
3-METHYL  XANTHIN, 
7-methyl  xanthin, 

1-7  DI-METHYL  xanthin, 

1-3  DI-METHYL  XANTHIN, 

3-7  DI-METHYL  XANTHIN, 
1-3-7  TRI-METHYL  XANTHIN, 

Carnin, 

Carnosin, 

Cytosin, 


c6h4n4. 

c6h6n6. 

c6h4n4o. 

c5h5n5o. 

C8H7N50  (Epiguamn). 

c5h4na- 

c5h4n403). 

c6h„n403. 

C8H#N40j. 

C6H6NA  (Heteroxanthin). 
CANA  (Paraxanthin). 
C7H8NA  (Theophyllin). 
C,H8NA  (Theobromin). 
C8H10NA  (Caflein). 
CANA. 
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The  pyrimidin  group  may  be  considered  as  antecedents  or  per- 
haps more  correctly  as  cleavage  products  of  the  purin  bodies.  It 
is  represented  by  the  following  : 

Pyrimidin,  C4H4N,.  A body,  CgHaN404. 

Uracil,  C4H4N,0,.  ' Episarkin,  C4II6NaO.  (?) 

5-Methyl  Uracil,  C6H6N,0,  (Thymin).  Pseudoxanthin,  C4H6N60.  (?) 


The  hexon  bases  proper  are  only  three  in  number.  To  these  may 
be  appended  a lower  homologue,  two  amines  and  a related  acid 
which  may  be  looked  upon  as  cleavage  products  of  the  hexons.  The 
third  group  then  will  include  : 


Aroinin,  C6HuN40j. 
Histidin,  C4H9N30j. 
Lysin,  C6HuNs03. 
Ornithin,  CjHjjNjO,. 


Pyrrolidin  Carbonic  Acid,  C5H9NOj. 
Gerontin,  C6H14Na. 

Sperm  in,  C2H5N  (?) 

Methyl  Quinolin,  c10h9n. 


The  members  of  the  fourth  group  have  all  been  discovered  by 
Gautier  and  by  him  are  regarded  as  allied  to  creatin  and  creatinin. 
These  two  substances,  especially  the  latter,  have  been  hitherto 
regarded  as  strongly  basic  in  character,  but  Salkowski  has  shown 
that  creatinin,  when  perfectly  pure,  possesses  little  or  no  alkaline 
reaction,  and,  moreover,  does  not  combine  with  acids.  In  structure 
and  properties  it  approximates  the  pyrimidin  bodies.  The  bases  in 
this  group  are  : 

(Creatinin,  C4H7N30). 

I Creatin,  C4H9N302) . 

Cruso-creatinin,  C5H8N40. 

Xantho-creatinin,  CsH10N4O. 

Amphi-creatin,  C8H19N,04. 

Base,  CjjU24Jsj0O5. 

Base,J  CuHjjNjjOj. 

Besides  these  two  general  classes  of  leucoma'ins,  there  may  be 
made  a fifth  class  of  undetermined  leucoma’ins,  embracing  those 
bases  which  have  been  observed,  but  studied  more  or  less  incom- 
pletely, in  the  various  physiological  secretions  of  the  body. 


PURIN  BASES. 

The  substances  included  under  this  head  were  formerly  spoken  of 
as  xanthin  bases  because  of  their  relation  to  xanthin,  the  earliest 
known  member  of  the  group.  Subsequently,  the  term  nuclein  bases 
was  employed  to  designate  the  original  four  xanthin  bases,  inasmuch 
as  they  are  derived  from  the  nucleins.  The  latter  on  decomposition 
with  acids  yields  one  or  more  of  these  basic  products.  Kossel  and 
Kruger,  in  1894,  suggested  a new  term  based  upon  the  fact  that  the 
xanthin  bases  like  uric  acid  contain  alloxan  and  urea  groups.  They 
designated  therefore  these  as  alloxuric  bases.  On  the  other  hand  the 
expression  “alloxuric  bodies”  was  made  to  include  uric  acid  as  well 
as  the  xanthin  bases. 
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The  studies  of  Fischer  in  1884  on  uric  acid  led  him  to  consider 
this  substance  as  a derivative  of  a hypothetical  body,  C5H4N4,  to 
which  he  gave  the  name  purin.  The  remarkable  researches  of  this 
investigator  during  the  past  few  years  have  shown  that  the  xanthin 
bases  are  actually  related  to  uric  acid  and  that  they  also  are  deriva- 
tives of  purin.  This  parent  substance  of  uric  acid  and  of  the 
xanthin  bases  was  not  prepared  until  1898,  although  as  stated,  its 
existence  was  pointed  out  fifteen  years  before.  The  term  purin 
bodies  therefore  includes  purin  and  all  of  its  derivatives.  The  purin 
bodies  formed  in  the  animal  organism  and  appearing  in  the  urine  are 
uric  acid  and  the  several  xanthin  bases.  The  expression  purin 
bases  implies  the  same  as  the  older  terms  xanthin,  nuclein  or  allox- 
uric  bases. 

Before  considering  the  individual  purin  bases  it  is  desirable  to 
point  out  the  main  facts  bearing  upon  the  constitution  or  structure 
of  the  members  of  this  group.  A thorough  understanding  of  the 
structural  relationship  of  these  several  bodies  is  necessary  in  order 
to  appreciate  the  r6le  which  they  play  in  tissue  metabolism.  The 
waste  product  uric  acid  differs  from  xanthin  in  that  it  contains  one 
atom  of  oxygen  more  than  does  the  latter.  Xanthin  in  turn  differs 
in  the  same  way  from  hypoxanthin.  For  some  time  the  belief  has 
prevailed  that  the  nuclei  of  cells  contain  the  physiologically  impor- 
tant xanthin  bases.  These  bases  do  not  exist  free  but  rather  in  com- 
bination with  proteid  substances  forming  the  so-called  nucleinic 
acids,  or  the  more  complex  nucleins.  When  the  nucleins  undergo 
metabolism  the  purin  bases  are  set  free,  suffer  more  or  less  oxida- 
tion and  leave  the  body  partly  as  uric  acid  and  partly  as  cleavage 
products  such  as  the  pyrimidin  bodies,  creatinin,  allantoin,  urea, 
oxalic  acid,  etc.  These  successive  changes  may  be  rendered  appar- 
ent by  comparing  the  formulae  of  these  bodies — 

Pcbin,  C6H4N4. 

Hypoxanthin,  C5H4N40. 

Xanthin,  C6H4N402. 

Uric  Acid,  C6H4N4Ob. 

Although  these  four  substances  form  a homologous  group  it  does 
not  follow  that  uric  acid  can  be  readily  prepared  by  oxidation  from 
either  of  the  preceding  or  that  vice  versa  it  can  be  reduced  to  these 
bases.  The  statement  made  by  Strecker  that  hypoxanthin  by  the 
action  of  fuming  nitric  acid  yields  a nitro-product,  which  on  reduc- 
tion gives  xanthin,  was  taken  to  indicate  that  hypoxanthin  possessed 
a constitution  similar  to  that  of  xanthin.  Kossel,  however,  showed 
in  1882  that  this  conversion  of  hypoxanthin  into  xanthin  did  not 
take  place,  and  in  this  he  was  confirmed  by  Fischer  in  1884.  In 
the  same  way  the  observation  of  Rheineck,  reported  by  Strecker, 
that  uric  acid  is  converted  by  sodium  amalgam  into  xanthin,  and  this 
still  further  reduced  to  hypoxanthin,  has  been  shown  to  be  incorrect 
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by  Fischer,  who  failed  to  change  xanthin  into  uric  acid  or  uric  acid 
into  xanthin.  While  therefore  uric  acid,  xanthin,  and  hypoxanthin 
contain  three,  two,  and  one  atoms  of  oxygen,  respectively,  and  are 
structurally  closely  allied,  nevertheless  thus  far  it  has  not  been  pos- 
sible to  convert  directly  any  one  of  those  compounds  into  the  others. 

Only  very  recently  Sundwik  has  attempted  the  reduction  of  uric 
acid  by  boiling  it  with  sodium  hydrate  and  chloroform.  By  this 
procedure  he  believes  that  he  has  prepared  xanthin  and  hypoxanthin, 
but  a confirmation  of  these  results  is  necessary. 

By  electrolytic  reduction  of  uric  acid  Tafel 1 obtained  a substance 
which  he  has  designated  as  puron,  CsH8N402.  This  body  is  neither 
acid  nor  basic  in  character  and  is  therefore  a fully  saturated  com- 
pound. It  readily  changes  into  an  unsaturated  isomer — iso-puron.  A 
tetrahydrouric  acid,  C6II8N403,  was  also  obtained  which  with  baryta 
gave  a — / 3 diamino-propionic  acid,  C3H8N202 ; and  with  nitrous 
acid  a base  C4II-N302. 

The  classical  investigations  of  Fischer,  however,  have  shown  that 
indirectly  uric  acid  may  be  changed  to  xanthin  or  to  hypoxanthin 
and  these  bases  in  turn  by  a similar  indirect  process  can  be  converted 
into  uric  acid.  Thus,  on  treating  1-3  di-methyl  uric  acid  with  phos- 
phorus pentachlorid  Fischer  obtained  chlor-theophyllin,  which  on 
reduction  with  hydriodic  acid  gave  theophyllin  or  di-methyl  xan- 
thin. By  introducing  a methyl  group  into  the  latter  caffein  or  tri- 
methyl xanthin  results.  In  a similar  way  caffein  may  be  prepared 
from  1-3-7  tri-methyl  uric  acid.  Inasmuch  as  the  di-  and  tri-methyl 
uric  acids  can  be  prepared  artificially  it  follows  that  the  complete 
synthesis  of  theophyllin  and  of  caffein  was  effected  by  this  trans- 
formation. 

Subsequently  (1897)  Fischer  converted  potassium  urate  by  means 
of  phosphorus  oxychlorid  into  an  oxy-di-chlor  purin  and  this  into 
tri-chlor  purin.  The  latter  by  a series  of  transformations  which  it 
is  unnecessary  to  detail  was  changed  into  xanthin,  hypoxanthin, 
adenin,  guanin,  heteroxanthin  and  paraxanthin.  With  the  exception 
of  methyl  xanthin  all  of  the  known  purin  bases  found  in  the  urine 
have  been  therefore  not  only  made  from  uric  acid  but  their  complete 
synthesis  has  also  been  effected. 

The  starting  point  in  the  consideration  of  the  structure  of  the 
purin  bodies  is  uric  acid,  which  is  not  only  the  earliest  known,  but 
also  the  most  easily  obtainable  and  best  studied  member  of  this 
group.  The  structure  of  uric  acid  as  given  by  Medicus  in  1875 
was  verified  and  fully  established  by  the  studies  of  Fischer  in  1884. 
On  the  other  hand,  these  early  investigations  of  Fischer  on  the  xan- 
thin bases  led  him  to  ascribe  to  these  somewhat  different  formulae 
than  did  Medicus.  When,  however,  Fischer  in  1895  succeeded  in 
converting  di-methyl  uric  acid  into  chlor-theophyllin  it  was  evident 

1 Berichte , 34,  258,  1181  (1901). 
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that  the  xanthiu  bases  possessed  essentially  the  same  structure  as  uric 
acid.  This  fact  was  rendered  still  more  evident  when  hydroxy-caf- 
fein  not  only  was  recognized  to  be  a tri-methyl  uric  acid,  but  on 
treatment  with  methyl  iodid  was  shown  to  form  the  tetra-methyl 
uric  acid.  Fischer  therefore  abandoned  the  formulae  of  caffein  and 
xanthin  which  he  proposed  in  1883  and  accepted  those  which  Medi- 
cus  had  previously  suggested. 

The  forznula  which  Medicus  suggested  and  which  shows  best  the 
various  decompositions  of  uric  acid  is  that  given  below  (1).  The  tauto- 
meric form  (2)  has  a great  deal  in  its  favor,  but  is  not  used.  Similar 
tautomeric  formulas  can  be  deduced  for  purin,  trichlor  purin,  adenin 
and  other  bases. 


Uric  Acid. 


The  group  C5N4  in  the  above  formulae  is  designated  as  the  purin 
nucleus  and  from  it  purin  itself,  C,H4N4,  is  easily  derived.  The 
nomenclature  of  purin  bodies  is  based  upon  the  order  of  substitution 
in  the  purin  nucleus,  CSN4.  Nine  positions  are  possible  as  shown  in 
the  second  formula  below  : 


Purin. 


Uric  acid  becomes  2-6-8  tri-oxypurin.  By  the  introduction  of  a 
single  methyl  group  into  uric  acid  a methyl  uric  acid  results.  On 
examining  the  formula  of  uric  acid  it  will  be  seen  that  theoretically 
four  methyl  uric  acids  are  possible.  Strange  to  say  there  are  present 
six  known  mono-methyl  uric  acids ; in  other  words  there  are  two 
more  than  are  theoretically  possible. 


CHj-N  CO 
OC  c— NH 

I I r 

HN-C-NH 

1-Methyl  Uric  Acid. 


3-Methyl  Uric  Acid. 


HN— CO 


HN— C— NH 


7-Metiiyl  Uric  Acid. 


IIN — C — N . CH, 


9-Methyl  Uric  Acid. 


By  substituting  two  methyl  groups  into  uric  acid  a di-methyl  uric 
acid  results.  Six  di-methyl  uric  acids  are  possible  and  all  are 
known,  of  the  tri-methyl  uric  acids  four  are  possible  and  are  like- 
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wise  all  known.  One  tetra-methyl  uric  acid  is  possible  and  is 
known  but  in  addition  an  isomer  exists  in  methoxy-caffein. 

Xanthin. — The  successful  synthesis  of  xanthin  by  Fischer  (1897) 
has  shown  that  this  interesting  base  is  2-6-di-oxypurin  and  as  such 
possesses  the  formula  originally  deduced  by  Medicus.  A considera- 
tion of  the  purin  formula  will  show  that  three  di-oxypurins  are 
possible.  Xanthin  therefore  has  two  isomers,  6-8  and  2-8  dioxy- 
purins,  the  latter  of  which  is  as  yet  unknown  although  methyl  de- 
rivatives have  been  prepared. 


Xanthin.  Guanin.  Epiouanin  or 

7-Methyl  Guanin. 


The  methyl  derivatives  of  xanthin  are  of  great  interest  inasmuch 
as  they  make  up  the  greater  part  of  the  natural  purin  bases.  By 
replacing  a hydrogen  atom  in  either  one  of  the  three  imido  groups 
1,  3,  or  7,  in  xanthin  by  a methyl  group  a mono-methyl  xanthin 
results.  All  three  of  the  possible  mono-methyl  xanthins  are  known. 
The  1 -methyl  xanthin  was  discovered  in  urine  by  Kruger  and  Salo- 
mon in  1897,  but  as  yet  it  has  not  been  synthesized.  Heteroxanthin, 
which  is  7-methyl  xanthin  (Kruger  and  Salomon  1895),  was  likewise 
isolated  from  urine  by  Salomon  in  1884.  The  3-methyl  xanthin  has 
been  isolated  from  the  urine  after  administration  of  large  doses  of 
caffein. 


1-Mkthyl  Xanthin.  3-Methyl  Xanthin.  Heteroxanthin  or 

7-Mkthyl  Xanthin. 


Only  three  di-methyl  xanthins  are  possible  and  these  have  been 
known  to  exist  in  nature  for  many  years.  They  are  theobromin,  the 
active  principle  of  theobroma  cacao  ; theophyllin,  which  exists  in  tea, 
and  paraxanthin  which  occurs  in  the  urine.  The  relationship  which 
exists  between  these  three  isomers  is  readily  seen  from  the  formulae, 


Theophyllin  or  Paraxanthin  or 

1-8  Di-methyl  Xanthin.  1-7  Di-methyl  Xanthin. 


Tiikobromin  or 
3-7  Di-mkthyl  Xanthin. 
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Only  one  tri-methyl  xanthin  is  possible  and  that  derivative  is  the 
active  principle  of  tea  and  coffee — caffein. 

If  the  tautomeric  formula  of  xanthin,  with  the  imido group  trans- 
ferred from  position  7 to  9,  is  considered  it  will  be  seen  that  additional 
derivatives  of  xanthin  are  possible,  such  as  a 9-methyl  xanthin,  1-9  and 
3-9  di-methyl  xan thins  and  a 1.3.9-tri-methyl  xanthin.  The  lat- 
ter is  an  isomer  of  caffein  but  unlike  the  latter  possesses  but  little 
action  upon  the  muscle  (Schmiedeberg,  Bericlite,  34,  2556). 

In  1881  Fischer  showed  that  caffein  possessed  the  formula  given 
below.  In  the  following  year  he  succeeded  in  changing  xanthin  into 
theobromin  which  in  turn  can  be  easily  methylated  to  caffein.  In 
1897  Fischer  successfully  synthesized  all  of  the  natural  xan  thins 
except  1 -methyl  xanthin.  The  origin  of  the  di-methyl  and  mono- 
methyl  xanthins  was  not  understood  until  but  recently.  Unlike 
xanthin,  these  derivatives  when  found  in  the  urine  cannot  be  traced  to 
tissue  metabolism,  but  on  the  contrary  they  result  by  the  splitting 
off  of  one  or  more  methyl  groups  from  the  caffein  or  theobromin 
which  is  ingested.  Thus,  when  very  large  doses  of  caffein  are  given 
to  a dog  all  three  methyl  groups  are  attacked  at  once.  The  one  in 
position  7 is  the  least  firm  and  hence  disappears  quite  readily.  Het- 
eroxanthin  or  7-methyl  xanthin  is  therefore  present  in  minimal 
amounts  and  for  the  same  reason  theophyllin  or  1-3  di-methyl  xan- 
thin is  found  in  larger  amounts  than  paraxanthin  or  theobromin.  It 
is  of  singular  interest  to  note  that  caffein  in  the  body  yields  not 
only  paraxanthin  but  also  theophyllin  and  theobromin  which 
have  been  known  heretofore  to  exist  only  in  the  vegetable  kingdom. 
The  purin  bases  which  result  from  the  cleavage  of  caffein  in  the 
body  vary  according  to  the  animal  used.  Thus,  while  feeding  caf- 
fein to  a dog  yields  chiefly  theophyllin  (1-3)  and  3-methyl  xanthin, 
in  a rabbit  it  yields  chiefly  paraxanthin  (1-7),  1-methyl  xanthin  and 
heteroxanthin  (7). 

CH,.N-C 

C O— N.CHs 


;h 


CHj-N — C — N 

Caffein. 


Guanin. — The  fact  that  guanin  is  readily  changed  into  xanthin 
shows  that  the  two  bases  are  closely  related.  Indeed,  the  relation  is 
the  same  as  that  between  adenin  and  hypoxanthin.  By  decomposi- 
tion with  concentrated  hydrochloric  acid  Wulfif  obtained  the  same 
products  as  are  given  by  xanthin.  On  oxidation,  however,  with 
chlorin  neither  Strecker  nor  Fischer  were  able  to  obtain  alloxan 
and  urea,  but  instead  obtained  parabanic  acid,  guanidin,  and  car- 
bonic acid.  A guanidin  residue  is  contained  in  the  molecule  in 
place  of  the  urea  residue  in  xanthin.  A striking  difference  between 
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xanthin  and  guanin  is  seen  in  the  difficulty  of  preparing  alkyl  deriva- 
tives of  guanin,  whereas  with  xanthin  the  result  is  easily  obtained. 
Fischer  and  Reese  failed  in  preparing  alkyl  derivatives,  and  Wulff 
succeeded  only  with  ethyl  guanin.  Recently,  however,  Fischer  has 
succeeded  in  effecting  the  synthesis  of  two  methyl  derivatives  and  of 
guaniu  itself.  The  structural  formulae,  thus  deduced,  for  guanin 
and  epiguanin  are  given  on  p.  339.  It  will  be  seen  that  guanin  is 
2-amino-6-oxypurin,  while  epiguanin  is  7-methyl  guanin. 

Two  of  the  five  possible  isomers  of  guanin  have  been  prepared 
synthetically  by  Fischer.  One  of  these,  6-amino-2-oxypurin,  very 
closely  resembles  guanin,  so  much  so  that  it  can  be  easily  mistaken 
for  this  base. 


Hypoxanthin. — This  is  6-oxypurin  and  inasmuch  as  it  can  be 
readily  prepared  from  adenin  by  the  action  of  nitrous  acid,  it  follows 
that  the  latter  is  6-aminopurin.  Of  the  four  possible  formulae  for 
adenin  Fischer  selects  the  one  given  below.  Two  isomers  of  adenin 
are  possible. 

HN— CO  N=C.NH, 

HC  C— NH  ;hc  c— nh 


N— C— 1 

Hypoxanthin. 


N— C— N 

Adenin. 


It  should  be  remembered  that  there  are  isomers  of  both  ot  these 
bases  and  that  tautomeric  forms  may  exist  as  in  the  case  of  uric  acid. 

The  relation  of  adenin  and  hypoxanthin  to  uric  acid  and  xanthin 
was  clearly  shown  by  Kruger  in  1891  and  1893,  although  the  struc- 
ture of  these  bases  was  not  fixed  by  Fischer  until  1897.  Thus,  the 
bromin  derivatives  of  adenin  and  hypoxanthin  correspond  to  those  of 
xanthin,  guanin  and  caffein,  and  on  oxidation  with  chlorin  yield  alloxan 
and  urea.  The  bromin  derivatives  of  hypoxanthin,  adenin,  xanthin, 
guanin,  and  caffein  result  by  the  substitution  of  bromin  in  the  CH 
group  of  xanthin,  i.  e.,  in  position  8.  The  analogy  to  the  other 
members  of  the  uric  acid  group  is  seen  from  the  following  equations  : 

c5h4n4o3  + o + h2o  = c4h2n2o4  + CON2H4. 

Uric  Acid. 

c5h4n4o2  + 20  + h2o  = c4h2n2o4  + CON2H4. 

Xanthin. 

CsH4N40  + 30  + h2o  = c4h2n2o4  + CON2H4. 

Hypoxanthin. 

C5H5NsO  + 30  + H20  = C3H2N203  + C.NH.N2H4  + CO,. 

Guanin.  Parabanic  Acid.  Guanidin. 

C5H5N  + 30  + 2H20  = C4H2N204  + CON2H4  + NH3.  (?) 

Adenin. 
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The  equations  for  adenin  and  hypoxanthin  are  not  fully  estab- 
lished, but  the  brorain  compounds  are  decomposed  into  alloxan.  In 
addition  to  this  urea  and  oxalic  acid  are  formed,  both  of  which  may 
be  derived  from  alloxan  by  decomposition,  though  some  of  the  urea 
may  be  independent  of  the  breaking  down  of  the  alloxan  group. 

Again,  adenin  and  hypoxanthin  on  decomposition  with  concen- 
trated hydrochloric  acid  yield  the  same  products  (glycocoll,  ammonia, 
formic  and  carbonic  acids)  as  xanthin,  guanin,  etc.  This  decompo- 
sition is  best  seen  from  the  following  equations  : 

C6H4N4Os  4-  5H20  = 3NH3  + C2H5N02  + 3C02. 

ITnTn  A 


C5H4N402  + 6H20  = 3NHS  + C2HsN02  + 2C02  + CH  O . 

Xanthin. 

C5H.N.0  + 7H,0  = 4NH,  + C.H.NO,  + 2C02  + CH.O.. 

Guanin. 


C5H4N40  + 7H20  = 3NH3  + C2H,N20  + C02  + 2CH2Og. 

Hypoxanthin. 

CsH5Ns  + 8H20  - 4NHS  + C2H5N02  + C02  + 2CH.O,. 

Adenin. 

Uric  acid  has  no  CH  group,  hence  does  not  yield  formic  acid, 
whereas  xanthin  and  guanin  have  each  one  CH  group  and  yield  one 
molecule  of  formic  acid.  Hypoxanthin  and  adenin  therefore  have 
two  CH  groups. 

Furthermore,  uric  acid  contains  three  CO  groups  and  yields  three 
C02  molecules,  whereas  xanthin  and  guanin  have  two  CO  groups 
and  yield  two  C02  molecules.  Hence  hypoxanthin  has  but  one  CO 
group,  since  it  yields  but  one  C02  molecule.  The  corresponding  car- 
bon atom  in  adenin  is  likewise  split  off  as  carbonic  acid. 

The  changes  which  the  purin  bodies  undergo  in  the  animal  econ- 
omy have  been  the  subject  of  numerous  investigations.  As  is  well 
known,  in  birds  the  greater  part  of  the  waste  nitrogen  passes  out  in 
the  form  of  uric  acid.  This  large  amount  of  uric  acid  is  derived 
from  two  sources  : (1)  in  small  part  from  the  nuclein  metabolism  of 
the  tissue ; (2)  chiefly  by  synthetic  transformation  of  simple  nitrog- 
enous substances.  Thus,  after  the  administration  of  urea  or  of 
ammonium  salts  of  organic  acids  birds  eliminate  uric  acid.  This 
synthesis,  according  to  Minkowski,  takes  place  within  the  liver,  since 
after  the  removal  of  that  organ  the  change  does  not  take  place. 
Instead  the  administered  nitrogen  is  excreted  as  ammonium  salts 
while  the  amount  of  uric  acid  falls  to  a minimum  corresponding  to 
that  formed  by  actual  nuclein  metabolism. 

In  mammals  on  the  other  hand  the  purin  bodies  carry  off  only  a 
very  small  part  of  the  waste  nitrogen.  The  chief  if  not  the  sole 
source  of  the  uric  acid  is  tissue  metabolism,  since  the  recent  studies 


PURIN  BASES. 


343 


of  Minkowski  (1898)  render  it  very  doubtful  that  a uric  acid  syn- 
thesis occurs  in  mammals  in  a manner  similar  to  that  in  birds.  In 
dogs  the  administration  of  urea,  ammonium  lactate  and  allantoin  is 
not  followed  by  excretion  of  uric  acid.  Nevertheless  it  is  obvious  that 
purin  compounds  are  synthesized  in  the  body  out  of  the  food  sup- 
plied. The  growing  cell  can  undoubtedly  build  up  the  purin  molecule 
out  of  simple  material  and  is  in  no  wise  restricted  to  the  preformed 
nucleins  or  purins  in  the  food.  The  amount  thus  synthesized  in 
mammals  may  be  considered  as  not  in  excess  of  that  necessary  for 
the  purpose  of  the  cells  and  hence  the  synthetic  elimination  of  uric 
acid  is  not  recognized.  In  birds  on  the  other  hand  it  is  conceivable  that 
the  pronounced  synthetic  power  of  the  liver  is  directed  not  at  a 
mere  elimination  of  uric  acid  but  rather  at  the  formation  of  ante- 
cedents (purins?)  which  are  utilizable  by  the  cells  and  stored  up 
as  nuclein.  The  supply  of  such  antecedents  being  in  great  excess  of 
the  actual  needs  of  the  economy  leads  to  their  oxidation  and  as  a 
result  we  have  increased  uric  acid  elimination  which  from  this  stand- 
point would  correspond  to  that  of  urea.  The  greater  part  of  the 
latter  is  believed  to  result  from  the  breaking  down  of  the  circulat- 
ing proteids  when  these  are  in  excess  of  the  needs  of  the  tissues. 

When  nucleinic  acid  is  fed  to  mammals  the  amount  of  uric  acid 
eliminated  is  increased.  The  same  is  true  as  Taylor  and  others 
have  shown  after  a diet  of  sweet-breads  which  are  rich  in  nucleins. 
When,  however,  the  actual  amount  of  uric  acid  eliminated  is  com- 
pared with  the  amount  of  nuclein  present  it  is  evident  that  by  far 
the  greater  part  of  the  purin  bodies  is  broken  up  and  disappears. 
Two  explanations  are  offered  on  this  point.  In  the  first  place  it  is 
possible  that  the  larger  part  of  the  purin  bodies  in  nuclein  is  oxi- 
dized direct  into  urea  and  only  a small  part  goes  to  form  uric  acid. 
Or,  the  second  possibility  is  that  the  greater  part  is  oxidized  into 
uric  acid ; this  in  turn  is  largely  broken  down  into  urea,  and  only  a 
small  portion  escaping  this  cleavage  appears  in  the  urine. 

It  is  well  known  that  uric  acid  when  fed  to  mammals  is  broken 
down  and  excreted  as  urea,  allantoin  (Salkowski),  oxalic  acid, 
glycocoll  and  other  products.  If  the  amount  of  uric  acid  fed  is 
excessive  allantoin  can  be  detected  in  the  urine,  otherwise  the  cleav- 
age is  carried  farther,  as  is  seen  in  the  fact  that  no  allantoin  can  then 
be  isolated.  The  studies  of  Wiener  (1899)  have  shown  that  certain 
organs  in  the  body  when  crushed  may  destroy  while  others  appar- 
ently make  uric  acid.  Moreover  the  action  of  a given  organ  was 
found  to  vary  with  the  species  of  the  animal.  Thus,  the  liver,  spleen 
and  thymus  of  beef  were  found  to  make  uric  acid  whereas  the  liver 
of  dog  and  hog  actually  destroyed  this  substance.  Again,  the  kidney 
and  muscles  of  the  beef  and  horse  were  shown  likewise  to  destroy 
uric  acid  whereas  the  kidney  of  a dog  did  not.  In  these  experiments 
the  antecedent  of  uric  acid  is  undoubtedly  nuclein  since  hypoxanthin 


344 


CHEMISTRY  OF  THE  LEUCOMAJNS. 


by  the  action  of  the  crushed  liver  is  changed  to  uric  acid.  In  beef- 
liver,  however,  Wiener  obtained  an  alcohol-soluble  antecedent  which 
was  not  a purin.  It  is  very  doubtful  as  to  whether  uric  acid  can 
thus  be  synthesized  from  urea,  glycocoll  and  similar  compounds. 
One  fact  is  evident  and  that  is  that  uric  acid  and  hence  other  purin 
bodies  are  broken  down  in  the  body  and  that  this  change  takes  place 
especially  in  certain  organs. 

The  amount  of  uric  acid  actually  carried  to  the  kidneys  to  be 
eliminated  (a)  therefore  will  be  the  algebraic  sum  of  that  formed  in 
nuclein  metabolism  ( x ) (tissue  and  food),  that  formed  by  synthesis 
(; y ),  and  that  destroyed  in  the  body  (2).  Thus, 

x + y — z = a. 

The  actual  amount  of  uric  acid  eliminated,  however,  may  be  con- 
siderably less  than  that  represented  by  a since  the  kidney  may  be 
incapable  of  effecting  the  complete  excretion.  In  which  case  de- 
posits of  uric  acid  will  occur  in  the  joints,  as  in  rheumatism ; and  in 
the  kidneys  as  in  adenin  poisoning  and  in  the  kidney  infarcts  of  the 
new-born  (Spiegelberg). 

The  purin  bases  may  be  looked  upon  as  undergoing  changes 
similar  to  those  of  uric  acid.  Hypoxanthin  apparently  is  the  only 
member  of  the  group  which  when  fed  to  birds,  dogs  or  man  (Min- 
kowski) is  eliminated  as  uric  acid  or  as  its  cleavage  product  allantoin. 
Moreover  the  crushed  beef  liver  is  capable  of  effecting  this  conversion 
into  uric  acid  (Wiener).  Adenin  on  the  other  hand  in  dogs  does 
not  give  rise  to  uric  acid  or  to  allantoin.  A small  amount  appears 
in  the  urine  unchanged  (Kossel,  Minkowski)  the  remainder  being 
undoubtedly  broken  up  into  simple  products.  It  is  significant  that 
the  thymus  gland  which  is  rich  in  an  adenin-producing  nuclein 
should  increase  the  amount  of  uric  acid  and  even  give  rise  to  allan- 
toin, whereas  adenin  itself  is  without  this  effect.  It  may  be  that  the 
adenin  while  still  in  a nascent  condition,  as  it  were,  is  more  readily 
oxidized  than  when  definitely  formed.  At  all  events  its  antecedent 
behaves  quite  differently. 

According  to  Kriiger  and  Schmid  1 the  purin  bases  when  admin- 
istered to  man  are  largely  eliminated  as  uric  acid.  Thus,  62.3  per 
cent,  of  the  hypoxanthin  given  was  excreted  as  uric  acid  and  only 
0.15-0.25  per  cent,  as  purin  bases.  Adenin  gave  a similar  result, 
40.7-41.2  per  cent,  appearing  as  uric  acid  and  2. 6-3. 7 per  cent, 
being  unchanged.  With  xanthin  10  per  cent,  formed  uric  acid  and 
1 per  cent,  was  eliminated  unchanged.  Guanin  perhaps  also  yields 
uric  acid  but  this  is  not  definitely  settled. 

Nothing  definite  can  be  said  regarding  the  fate  of  xanthin  and 
guanin  in  the  animal  body.  It  has  been  shown  in  pancreatic  and 

1 Zeils.  physiol.  Chem.,  34,  549,  1902. 
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yeast  auto-digestions  that  hypoxanthin  and  xanthin  are  readily  de- 
stroyed bv  the  action  of  the  enzyme  whereas  adenin  and  guanin  resist. 
The  xanthin  derivatives  however  have  been  studied  carefully  and 
the  results  are  extremely  interesting.  Thus,  the  caffein  and  theo- 
bromin  of  the  food  are  progressively  broken  up  into  simpler  xanthin 
bodies  and  a large  part  of  the  xanthin  molecule  is  completely  de- 
stroyed. The  cleavage  of  caffein  will  be  described  in  detail  later  but 
in  this  connection  it  is  desirable  to  point  out  that  most  of  the  purin 
bases  found  in  the  urine  owe  their  origin  not  to  direct  tissue  met- 
abolism but  rather  to  the  cleavage  of  caffein  and  similar  bases 
introduced  with  the  food.  Inasmuch  as  the  increase  of  purin  bases 
is  not  proportional  to  the  amount  of  caffein  ingested  it  is  evident 
that  considerable  of  the  latter  is  destroyed.  Moreover  it  may  be 
considered  as  an  established  fact  that  caffein  does  not  increase  the 
amount  of  uric  acid  although  the  use  of  coffee  according  to  Taylor 
is  followed  by  a marked  increase  in  the  elimination  of  this  product. 

The  pharmacological  action  of  the  purin  derivatives  has  been  re- 
cently (1901)  investigated  by  Schmiedeberg.  Owing  to  the  extremely 
slight  solubility  of  some  of  these  bases  it  follows  that  their  effects 
are  but  slight.  In  general  the  well  known  effects  of  caffein  are  re- 
produced, although  obviously  differences  exist.  The  action  of  caffein 
is  directed  upon  the  central  nervous  system,  the  muscles  and  the 
kidneys.  The  effects  on  the  former  are  seen  in  the  increased  reflex 
irritability  which,  as  in  the  case  of  strychnin,  may  lead  to  complete 
tetanus  and  even  paralysis.  The  muscles  contract  more  easily  and 
more  effectively  and  with  large  doses  they  become  permanently  con- 
tracted, passing  into  a condition  of  coagulation  like  that  caused  by 
heat  and  cold  (see  Cushny’s  Pharmacology).  The  action  on  the  kid- 
ney is  seen  in  the  marked  diuresis. 

Purin  exerts  a slower  coagulation  effect  upon  muscles  and  causes 
increased  reflex  irritability.  The  resemblance  to  caffein  is  even  more 
marked  with  methyl  purin. 

Hypoxanthin  was  found  to  have  no  action  upon  muscle,  but  the 
effect  upon  the  nervous  system  was  seen  in  the  increased  irritability 
and  tetanus.  The  di-methyl  hypoxanthin  had  a slight  action  upon 
the  muscles  and  also  tetanized.  On  the  other  hand  8-oxypurin,  the 
isomer  of  hypoxanthin,  did  coagulate  muscle,  but  showed  no  tetanic 
action,  whereas  its  di-methyl  derivative  showed  both  effects  and  was 
about  as  active  as  theobromin. 

Xanthin  agrees  in  its  action  fully  with  the  above  8-oxypurin  ; 
that  is  it  causes  muscular  rigor  and  general  paralysis,  but  no 
increased  irritability.  The  alkyl  derivatives  of  xanthin  cause 
greater  rigor  of  the  muscles  and  otherwise  act  like  caffein  and 
theobromin.  Of  the  di-methyl  xanthins  theobromin  showed  less 
action  on  muscles  than  theophyllin,  while  paraxanthin  was  the  most 
active. 
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The  diuretic  action  of  the  purin  bodies  apparently  parallels  the 
effect  upon  muscles.  Thus,  paraxanthin  is  more  diuretic  than  theo- 
phyllin  while  theobromin  is  less  effective  than  the  latter.  The  in- 
creased reflex  irritability,  as  with  ammonia  compounds,  is  due  to  the 
nitrogen  groups,  whereas  the  action  upon  muscle  is  peculiar  to  the 
purin  molecule. 

Adenin,  unlike  the  other  purin  bases,  has  been  shown  by  Minkow- 
ski to  be  a violent  poison.  The  profound  effects  induced,  which 
will  be  described  later,  are  apparently  due  to  the  presence  of  the 
amino  group.  Steudel  has  also  observed  a marked  toxicity  follow- 
ing the  introduction  of  the  amino  group  into  pyrimidin. 

I.  The  Purin  Bases. 

Purin,  C5H4N4,  was  successfully  prepared  by  Fischer1  in  1898. 
It  is  of  interest  because  it  is  the  prototype  of  the  group  to  which  it 
lends  the  name.  Although  as  yet  it  has  not  been  met  with  in  the 
body  or  among  the  cleavage  products  of  proteids,  it  is  not  unlikely 
but  that  improved  methods  will  reveal  the  presence  of  purin  and  its 
methyl  derivatives.  A brief  description  of  its  properties  which 
clearly  place  it  in  the  same  series  with  hypoxanthin,  xanthin  and 
uric  acid,  will  therefore  be  appropriate. 

Purin  forms  colorless  microscopic  needles  often  united  in  spherical 
aggregates.  The  melting  point  is  211-212°.  It  is  very  easily  sol- 
uble in  cold  water  and  the  solutions  do  not  react  toward  litmus  or 
curcuma.  It  is  also  very  easily  soluble  in  warm  alcohol,  from  which 
it  slowly  crystallizes  in  small  densely  felted  needles.  It  is  more 
difficultly  soluble  in  acetic  ether  and  in  aceton,  and  especially  so  in 
ether  or  in  chloroform.  It  forms  salts  with  acids  as  well  as  with  bases. 

The  nitrate,  C5H4N4.HN03 , is  very  easily  soluble  in  hot  water; 
rather  difficultly  so  in  hot  alcohol.  It  crystallizes  in  roundish 
aggregates.  On  warming  with  dilute  nitric  acid  it  becomes  yellow. 
It  melts  at  205°  with  decomposition.  The  chlorid,  iodid  and  sul- 
phate are  extremely  soluble  in  water. 

The  picrate  is  difficultly  soluble,  requiring  about  twenty  parts  of 
boiling  water.  It  forms  yellow  glistening  needles  which  melt  at  208°. 

The  platinoehlorid  forms,  upon  the  addition  of  platinum  chlorid 
to  fairly  concentrated  solutions  of  the  chlorid,  as  fine  yellow  needles 
which  readily  dissolve  on  heating.  Gold  chlorid  gives  an  oily  or 
resinous  precipitate,  which  in  time  forms  a solid  yellow,  granular 
mass  which  is  also  readily  soluble  on  heating. 

The  sodium  salt  is  very  soluble  in  water,  difficultly  so  in  concen- 
trated sodium  hydrate  from  which  it  crystallizes  in  bundles  of  fine 
needles.  The  potassium  and  barium  salts  are  likewise  very  soluble. 

1 Berichte,  31,  2560;  32,  493. 
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With  ammoniacal  silver  solution  it  gives  at  once  a colorless 
amorphous  precipitate,  which  is  not  blackened  by  boiling  or  by 
light.  Neutral  silver  nitrate  produces  a white  precipitate  which  is 
soluble  in  hot  dilute  nitric  acid  and  separates  out  on  cooling  as  a 
white  granular  or  crystalline  powder.  Ammoniacal  zinc  solutions 
precipitate  purin,  especially  on  heating,  in  a fine  pulverulent  form. 
Mercuric  chlorid  gives  an  amorphous  precipitate  which  on  boiling 
becomes  crystalline.  Phosphotungstic  acid  produces  an  extremely 
fine  precipitate,  imparting  a milky  appearance  to  the  fluid.  Tannin 
produces  a colorless  flocculent  deposit,  while  bismuth  iodid  in  acid 
solution  yields  a red  granular  precipitate.  Potassium  iodid,  ferro- 
cyanid  and  Nessler’s  solution  produce  no  precipitate. 

With  bromin  it  yields  a beautiful  yellowish-red,  crystalline  mass, 
which  dissolves  on  heating  and  recrystallizes  on  cooling.  It  is  very 
resistant  to  oxidation  and  with  nitric  acid  it  does  not  give  the 
murexid  reaction. 

The  7-methyl  and  9 -methyl  purins  have  also  been  prepared.  Of 
especial  interest  is  the  fact  that  starting  out  with  methyl  uracil,  a 
pyrimidin  derivative,  Gabriel  and  Colman1  (1901),  succeeded  in 
converting  it  into  purin  bodies — 6-metliyl  purin  and  6-2-methyl- 
amido  purin. 

The  pharmacological  action  of  purin  is  referred  to  on  p.  345. 

Adenin,  C5H5N5,  was  discovered  by  Kossel  in  1885.  It  was  pre- 
pared synthetically  by  Fischer2  (1)  by  treating  tri-chlor-purin  with 
ammonia  and  subsequent  reduction  of  the  dichlor-adenin  ; (2)  by 
similar  treatment  of  the  methyl  derivatives  of  oxy-di-chlor-purin. 
The  7-  and  9-methyl  adenins  were  incidentally  prepared. 

This  base  was  first  prepared  from  pancreatic  glands — hence  the 
term  adenin,  which  is  derived  from  the  Greek  word  adijv,  meaning 
a gland.  It  has  since  been  shown  to  occur  together  with  guanin, 
hypoxanthin,  etc.,  as  a decomposition  product  of  nuclein,  and,  there- 
fore, it  may  be  obtained  from  all  tissues  and  organs,  animal  or  vege- 
table, rich  in  nucleated  cells.  Accordingly  it  has  been  found  in  the 
kidneys,  spleen,  pancreatic,  thymus,  and  lymphatic  glands,  in  beer- 
yeast,  in  spermatic  fluids,  but  not  in  testicles  of  the  steer  ; occurs 
also  in  tea-leaves.  In  the  latter  adenin  appears  to  exist  in  a pre- 
formed condition,  since  it  can  be  extracted  without  the  use  of  acid 
reagents  (hypoxanthin  absent,  Kruger,  1896).  Tea-extract  yields 
about  6 grams  of  adenin  per  liter  (Kruger). 

The  thymus  gland,  as  a prototype  of  embryonic,  highly  cellular 
tissue,  yields  a considerable  amount  of  adenin,  but  no  xanthin 
(Inoko) ; that  from  a calf,  for  instance,  was  found  by  Schindler  to 
contain  0.18  per  cent.  The  thymus  nucleinic  acid  (adenylic  acid) 

1 Beriehte,  34,  1246,  1256. 

1 Beriehte , 30,  2238. 


348 


CHEMISTRY  OF  THE  LEUCOMAINS. 


was  at  first  believed  to  yield  only  adenin  but  eventually  was  found 
to  give  also  guanin  besides  cytosin  and  thymin  (Kossel  and  Neu- 
mann 1).  Although  the  pancreas  was  the  organ  from  which  origi- 
nally adenin  was  isolated,  yet  according  to  Bang2  it  yields  a nucleinic 
acid  (guanylic)  which  on  decomposition  gives  rise  to  only  one  nuclein 
base — guanin,  besides  glycerin,  phosphoric  acid  and  pentose.  On  the 
other  hand  Levene3  obtained  from  a pancreas  nucleinic  acid,  adenin, 
guanin  and  traces  of  xanthin  and  hypoxanthin.  He  also  found  that 
during  auto-digestion  of  the  pancreas  the  hexon  bases  and  uracil 
and  possibly  thymin  formed.  According  to  Kutscher 4 in  pancreatic 
and  yeast  auto-digestion  the  purin  bases  are  set  free  but  the  xanthin 
fraction  is  soon  destroyed,  leaving  only  adenin  and  guanin. 

From  tubercle  bacilli  Ruppel  isolated  a protamin,  “ tuberculosa- 
min  ” and  a nucleinic  acid,  tuberculinic  acid.  According  to  Levene 
the  nucleinic  acid  from  this  germ  is  less  stable  than  that  from  other 
sources.  It  contains  iron  and  on  decomposition  yields  guanin  and 
adenin. 

The  auto-digestion  of  yeast  is  essentially  the  same  as  that  of  the 
pancreas  and  like  the  latter  is  due  to  a tryptic  ferment.  The  prod- 
ucts are  leucin,  tyrosin,  asparaginic  acid,  ammonia,  adenin,  guanin, 
at  times  hypoxanthin  and  xanthin,  also  the  three  hexon  bases. 
Carnin  and  butalanin  have  also  been  isolated.  Kutscher  has  also 
isolated  a new  body,  C8HcN404 , which  probably  corresponds  to  the 
uracil  that  Levene  obtained  from  auto-digested  pancreas.  Geret  and 
Hahn5 6  had  previously  shown  that  the  yeast  plasma  contained  an 
energetic  proteolytic  enzyme  which  digested  fibrin,  egg  albumin  and 
pepton.  Leucin,  tyrosin  and  hypoxanthin  were  formed.  Similar 
enzymes  were  observed  in  tubercle  and  typhoid  bacilli,  in  sarcine, 
and  in  lupine  sprouts.  In  tryptic  digestion  of  nuclein  containing 
proteid  it  is  evident  that  adenin  and  other  xanthin  bases  may  be  set 
free  the  same  as  if  the  cleavage  had  been  brought  about  by  an  acid. 
The  bases  then  would  appear  in  the  “ antipepton  ” (p.  424).  In  auto- 
digested  adrenals  adenin  is  probably  present  (p.  386). 

Adenin,  guanin  and  xanthin  together  with  cholin,  diamins  (?), 
uric  acid  and  urea  have  been  obtained  from  brains  (Gulewitsch ) .* 

From  10,000  liters  of  urine  Kruger  and  Salomon  obtained  3.54  g. 
of  adenin  besides  large  amounts  of  xanthin  and  its  derivatives. 

It  has  also  been  observed  in  the  liver  and  urine  of  leucocythaemic 
patients  (Stadthagen) ; its  occurrence  in  this  disease  will  be  readily 
understood  when  it  is  remembered  that  leukajmia  is  characterized  by 
the  presence  in  the  blood  of  an  unusual  proportion  of  the  nucleated 

1 Zeits.  physiol.  Chem.,  22,  74. 

* Zeits.  physiol.  Chem.,  31,  411. 

s Zeits.  physiol.  Chem.,  32,  541. 

4 Zeits.  physiol.  Chem.,  32,  66. 

5 Berichte , 31,  2336  (1898). 

6 Zeits.  physiol.  Chem. , 27,  50. 


ADENIN. 


349 


white  blood  corpuscles,  which  owing  to  various  unfavorable  condi- 
tions, become  destroyed  in  time,  and  the  contained  nuclein,  as  a re- 
sult, splits  up  into  adenin  and  guanin.  These  two  bases  may,  there- 
fore, be  expected  in  all  pathological  conditions  where  there  is  an 
abnormal  accumulation  of  pus.  Indeed,  as  early  as  1865,  Naunyn 
extracted  from  pus,  obtained  from  the  pleural  cavity,  a considerable 
quantity  of  a substance  which  was  probably  either  adenin  or  guanin, 
or  both.  Neither  uric  acid  nor  xanthin  bases  in  recognizable 
amounts  ai'e  present  in  fresh  human  blood  (100-300  c.c.) ; both  are 
present  in  exudates  and  transudates  (Jaksch).  In  the  blood  of  leu- 
koemics  and  in  blood  after  a diet  of  thymus  glands  uric  acid  is  pres- 
ent in  increased  quantity  (Petren). 

Adenin  does  not  occur,  or  only  in  minute  traces,  in  meat  extract ; 
and  in  this  it  resembles  guanin,  which  is  present  only  in  traces. 
This  may  be  due  to  the  fact  that  adenin  and  guanin  are  readily  con- 
verted into  hypoxanthin  and  xanthin  respectively,  as  has  been  shown 
in  the  putrefaction  experiments  of  Schindler.  This  conversion  of 
adenin  and  guanin  into  hypoxanthin  and  xanthin  takes  place  in  the 
pancreas  immediately  after  death,  so  that  the  amount  of  adenin  found 
may  be  quite  small.  They  may  be  considered  as  transitional  products 
of  cell  metabolism,  the  amido  group  contained  in  each  readily  being 
replaced  by  oxygen,  and  giving  rise  to  ammonia,  and  this  in  turn  to 
urea.  Kossel,  however,  explained  this  fact  on  the  ground  that  the 
muscle  tissue  is  very  poor  in  nucleated  cells,  i.  e.,  in  nuclein.  It 
would  seem  that  the  muscle  cell  in  losing  the  morphological  char- 
acter of  a cell  has  also  suffered  a corresponding  loss  in  its  chemical 
properties.  For  while  the  decomposition  products  of  nuclein — hy- 
poxanthin, xanthin,  phosphoric  acid,  etc. — are  found  in  the  muscle 
tissue,  they  do  not  exist  in  combination  as  they  do  in  the  nuclein 
molecules.  This  is  seen  in  the  fact  that  the  bases  exist  in  the  free 
condition,  since  they  can  be  extracted  by  water ; and  again,  the  phos- 
phoric acid  is  present  in  the  muscle  tissue,  not  in  organic  combina- 
tion, but  as  a salt.  In  the  nucleated  cell,  adenin,  guanin,  etc.,  do 
not  exist  in  a free  condition,  but  form,  in  part  at  least,  with  albu- 
min and  phosphoric  acid,  a loose  combination  which  is  readily  de- 
composed by  the  action  of  acids  at  the  boiling  temperature.  This 
same  change  takes  place  spontaneously  after  death.  It  is  quite  pos- 
sible that  the  existence  of  these  bases  in  muscles,  in  the  free  condi- 
tion, is  due  to  the  action  of  enzymes. 

There  can  be  no  doubt  that  adenin  and  guanin  play  an  important 
part  in  the  physiological  function  of  the  cell  nucleus,  which,  from 
recent  observations,  appears  to  be  necessary  to  the  formation  and 
building  up  of  organic  matter.  It  is  now  known  that  non-nueleated 
cells,  though  capable  of  living,  are  not  capable  of  reproduction.  We 
must  look,  therefore,  to  the  nucleus  as  the  seat  of  the  functional 
activity  of  the  cell — indeed,  of  the  entire  organism.  Nuclein,  the 
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parent-substance  of  adenin  and  guanin,  is  the  best  known  and  prob- 
ably most  important  constituent  of  the  nucleus,  and  as  such  it  has 
been  already  credited  with  a direct  relation  to  the  reproductive 
powers  of  the  cell.  This  chemical  view  has  already  been  confirmed 
by  Zacharias,  who  showed  that  chromatin  of  histologists  is  identical 
with  nuclein.  More  recently  Mathews  1 has  shown  that  the  chro- 
matin in  herring  spermatozoa  is  a salt-like  combination  of  protamin 
and  nucleinic  acid.  Liebermann  has  questioned  nuclein  as  being 
the  source  of  xanthin  compounds,  but  in  this  he  is  not  supported  by 
the  mass  of  evidence.  In  the  case  of  birds,  however,  it  must  be 
conceded  that  uric  acid  results  by  the  oxidation  of  the  purin  bases 
and  above  all  by  synthesis  from  urea,  amido  acids,  etc.  In  mammals 
uric  acid  is  probably  wholly  derived  by  oxidation  of  the  purin  bases 
originating  from  nuclein.  Wiener,2  however,  has  rendered  it  probable 
that  the  synthetic  function  is  also  present  though  to  less  degree 
(p.  343).  Whether  purin  bases  as  well  as  uric  acid  may  be  formed 
synthetically  in  birds  remains  to  be  demonstrated. 

According  to  Minkowski  (1898)  adenin  is  a powerful  poison. 
When  injected  subcutaneously  it  induces  increased  heart  action  and 
rapid  death.  On  feeding  it  affects  the  digestive  tract  and  the  kid- 
neys. The  constant  vomiting  induced  is  probably  due  to  the  intense 
inflammation  of  the  duodenal  mucous  membrane  which  may  lead  to 
actual  destruction  of  tissue.  The  effect  upon  the  kidney  is  seen  in 
the  presence  in  the  urine  of  casts,  albumin  and  of  minute  sphsero- 
liths  of  uric  acid.  On  section  the  kidney  shows  changes  similar  to 
those  observed  after  injection  of  urates.  The  cortex  especially 
reveals  the  presence  of  numerous  grayish  white  points  which  under 
the  microscope  are  found  to  consist  of  bundles  of  crystals  or  burs 
or  more  often  of  balls  which  show  a concentric  or  radial  marking. 
These  deposits  are  undoubtedly  uric  acid  but  their  origin  is  un- 
known. The  excessive  uric  acid  may  be  ascribed  to  the  oxidation 
of  the  adenin  but  this  is  improbable.  It  is  more  likely  that  adenin 
favors  the  accumulation  of  uric  acid  by  interfering  with  the  de- 
struction of  this  product  in  the  liver.  The  studies  of  Wiener  have 
shown  that  the  crushed  liver  of  the  dog  (p.  343)  does  destroy  uric 
acid.  Adenin  is  not  as  poisonous  to  rabbits  and  man  as  to  dogs 
(Kruger  and  Schmid,  1902). 

A continued  diet  of  sweet-breads  which  as  is  known  are  rich  in 
antecedents  of  adenin  produced  symptoms  of  intoxications  such  as 
diarrhoea,  anorexia,  nausea,  headache,  malaise  and  abdominal  pains 
(Taylor).  The  observation  of  Kossel  that  adenin  is  in  part  excreted 
unchanged  has  been  confirmed  by  Minkowski  and  others. 

Lilienfeld,  in  his  study  of  the  chemistry  of  the  leucocytes,  showed 
that  the  nuclei  of  these  cells  contain  a complex  body,  nucleohiston, 

1 Zeils.  physiol.  Chem .,  23,  399. 

1 Archives  f.  exp.  Path.  u.  Pharm.,  42,  898  (1899). 
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which  is  decomposed  by  acids  into  histon  and  leucouuclein.  The 
latter  in  turn  can  he  decomposed  into  albumin  and  nucleinic  acid, 
which  on  heating  with  mineral  acids  yields  phosphoric  acid,  and  the 
nuclein  bases  (adenin,  hypoxanthin)  and  unknown  products.  As 
Kossel  has  pointed  out,  it  is  probable  that  ordinary  nucleinic  acid 
is  a mixture  of  several,  since  two  or  more  nuclein  bases  form  on 
decomposition.  The  existence,  however,  of  nucleohiston,  has  been 
questioned  by  Bang  and  others. 

Adenin,  when  crystallized  from  warm  or  impure  solutions,  is 
obtained  either  as  an  amorphous  substance,  pearly  plates,  or  in  the 
form  of  very  small  microscopic  needles  ; from  dilute  cold  solutions  it 
separates  in  long,  needle-shaped  crystals  containing  three  molecules 
of  water.  This  water  of  crystallization  is  lost  on  exposure  to  the 
air  or  on  heating  to  53°,  and  the  crystals  become  opaque.  By  pre- 
cipitating a concentrated  solution  of  the  hydrochlorid  with  ammonia 
adenin  may  be  obtained  as  anhydrous,  small  whetstone-shaped 
crystals,  which,  recrystallized  from  hot  water,  form  large,  regular, 
four-sided  pyramids,  single  or  bur-shaped.  It  is  soluble  in  about 
1086  parts  of  water  at  the  ordinary  temperature  ; more  easily  in  hot 
water,  from  which  on  cooling  it  recrystallizes.  The  aqueous  solution 
possesses  a neutral  reaction.  The  free  base  is  insoluble  in  ether, 
chloroform,  and  alcohol ; soluble  in  glacial  acetic  acid,  and  some- 
what in  hot  alcohol.  It  dissolves  readily  in  mineral  acids,  yielding 
well  crystallizable  salts.  The  fixed  alkalis  dissolve  it  with  ease,  but 
on  neutralization  of  the  solution  it  is  reprecipitated  ; from  such  solu- 
tions in  alkalis  anhydrous  large  crystals  are  thrown  down  by  acetic 
or  carbonic  acid  (Kruger).  In  aqueous  ammonium  hydi'ate  it  is 
more  readily  soluble  than  guanin  (which  is  insoluble,  Schindler ; 
somewhat  soluble,  Wulff),  and  more  difficultly  soluble  than  hypo- 
xanthin— a fact  which  is  made  use  of  to  effect  a separation  from 
those  bases.  It  is  but  slightly  soluble  in  sodium  carbonate. 

Adenin  can  be  heated  to  278°  without  melting;  at  this  tempera- 
ture it  becomes  slightly  yellow,  and  yields  a white  sublimate.  It 
can  be  completely  volatilized  without  decomposition,  by  heating  on 
an  oil-bath  at  220°  ; the  sublimate  consists  of  pure,  white,  plumose 
needles  of  adenin,  but  at  250°  partial  decomposition  occurs,  and 
some  hydrocyanic  acid  forms.  According  to  Fischer,  when  heated 
rapidly,  in  a capillary  in  a paraffin-bath,  to  360°-365°  adenin  sud- 
denly melts  and  evolution  of  gas  takes  place.  When  heated  with 
potassium  hydrate  to  200°  on  an  oil-bath,  it  yields  a considerable 
quantity  of  potassium  cyanid.  Adenin  is  quite  indifferent  to  the 
action  of  acids,  alkalis,  and  even  oxidizing  agents.  Thus,  it  may  be 
boiled  for  hours  with  baryta,  potash,  or  hydrochloric  acid,  without 
suffering  decomposition.  But  when  heated  with  dilute  hydrochloric 
acid  at  135°  for  several  days,  or  with  concentrated  hydrochloric 
acid,  in  a sealed  tube  at  a temperature  exceeding  100°,  adenin  is 
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completely  decomposed,  with  formation  of  carbonic  acid  and 
ammonia  : 

C5H6N5  + 5HjO  + 50  = 5C0,  + 5NH,. 

When  heated  with  20  per  cent,  sulphuric  acid  in  an  autoclave  at 
150°  for  two  hours  adenin  is  decomposed  (Jones). 

On  heating  adenin  with  concentrated  hydrochloric  acid  to  180°- 
200°  for  12-14  hours,  Kruger  obtained  ammonia,  carbon  dioxid, 
carbon  monoxid,  and  glycocoll.  The  cai’bon  monoxid  results  from 
the  splitting  up  of  formic  acid.  This  decomposition  is  strictly 
analogous  to  that  of  hypoxanthin,  xanthin,  etc. 

C6II5N5  + 8 IT/)  = 4NH,  + COj  + 2CH50,  + CsH6NOa. 

The  free  base,  as  "well  as  benzoyl  adenin,  is  unaffected  by  the  weak 
oxidizing  action  of  potassium  permanganate,  but  on  stronger  oxida- 
tion it  is  wholly  destroyed.  Bromin  water  produces  in  aqueous 
solutions  of  adenin  an  oily  precipitate  which,  on  contact  with  potas- 
sium hydrate  or  ammonia,  gives  a beautiful  red  or  violet  color. 
Sodium  amalgam  and  zinc  chlorid  appear  to  have  no  action  ; but  on 
boiling  with  zinc  and  hydrochloric  acid  it  yields  a very  unstable 
reduction  product  which,  in  the  presence  of  oxygen,  in  alkaline 
solution,  first  assumes  a red  color  and  finally  throws  down  a reddish- 
brown  precipitate.  This  brown  substance  appears  to  be  identical 
with  azulmic  acid,  which  has  been  known  for  a long  time  as  a product 
of  the  polymerization  of  hydrocyanic  acid. 

Adenin  and  hypoxanthin  do  not  give  the  xanthin  reaction ; that  is 
to  say,  when  adenin  is  evaporated  on  a water-bath  with  dilute  or 
fuming  nitric  acid  it  gives  a white  residue  which  fails  to  give  any 
coloration  with  sodium,  ammonium,  or  barium  hydrate  (xanthin 
reaction).  Similarly,  it  does  not  give  the  so-called  Weidel’s  reaction 
on  heating  with  fresh  chlorin  water  and  a trace  of  nitric  acid  as  long 
as  gas  is  given  off,  then  evaporating  to  dryness  on  a water-bath  and 
exposure  of  the  residue  to  an  ammoniacal  atmosphere.  In  this  re- 
spect it  resembles  hypoxanthin  which,  when  pure,  does  not  answer 
to  either  of  these  tests.  When  either  of  these  bases,  however,  is 
evaporated  on  a water-bath  with  bromin  water  and  nitric  acid  a 
residue  is  obtained  which  with  alkalis  is  colored  red  (Kossel).  An- 
other test  for  adenin,  which  is  given  also  by  hypoxanthin,  but  not  by 
guanin,  caffein,  and  episarkin,  is  as  follows  : The  substance  to  be 
tested  is  digested  for  half  an  hour  with  zinc  and  hydrochloric  acid 
in  a test-tube  on  a water-bath.  If  adenin  is  present,  the  solution 
will  assume  on  standing,  more  rapidly  on  shaking,  a ruby-red  colora- 
tion which  in  time  disappears.  The  colorless  liquid  on  dilution  and 
addition  of  sodium  hydrate  becomes  again  red,  which  later  on  turns 
into  a brownish-red  (Kossel).  This  reaction  depends  upon  the  for- 
mation of  a reduction  product  which,  owing  to  its  unstable  nature, 
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is  soon  oxidized  by  the  oxygen  of  the  atmosphere  into  a brownish, 
amorphous  substance,  apparently  identical  with  azulmic  acid. 

Ferric  chlorid  imparts  to  an  aqueous  solution  of  adenin  an  intense 
red  color  which  is  not  affected  by  heating.  Copper  sulphate  pro- 
duces an  amorphous  grayish-blue  precipitate,  which  is  easily  soluble 
in  dilute  acids  aud  ammonia.  The  light-blue  solution  in  fixed  alka- 
lis on  warming  gives  a precipitate  of  copper  oxid. 

Drechsel’s  reaction.  In  1892  Drechsel  showed  that  certain  xan- 
thin  bases  are  precipitated  by  an  ammoniacal  solution  of  cuprous 
chlorid;  or  from  fixed  alkaline  solution  by  Fehling’s  solution  in  the 
presence  of  a reducing  substance.  In  addition  to  uric  acid,  which 
has  been  known  to  give  this  reaction,  xauthin,  guanin,  hypoxanthin, 
creatin,  and  ereatiuiu,  the  latter  on  boiling,  reacted.  Balke  applied 
the  test  to  fixed  alkaline  solutions,  using  Fehling’s  solution,  and  as 
reducing  substances  hydroxylamin  hydrochlorid,  or  dextrose.  He 
found  that  adenin,  hypoxanthin,  xanthin,  heteroxanthin,  paraxanthin, 
carnin,  protamin,  aud  uric  acid  gave  precipitates,  whereas  theobro- 
min  and  caflfein  did  not.  Kruger  employed  copper  sulphate  and 
sodium  bisulphite,  the  advantage  being  that  the  precipitation  can 
take  place  in  neutral,  acid,  or  alkaline  solutions.  The  results  differ 
somewhat  with  the  kind  of  reducing  agent  employed.  Thus  copper 
sulphate  and  sodium  bisulphite  precipitate  uric  acid,  adenin,  methyl 
adenin,  hypoxanthin,  guanin,  also  dimethyl  hypoxanthin  from  cold 
concentrated  solution  ; theobromin,  caflfein,  creatin,  creatinin  are 
not  precipitated.  With  copper  sulphate  and  sodium  hyposulphite, 
adenin,  methyl  adenin,  and  guanin  are  readily  precipitated  ; hypo- 
xanthin only  on  heating  (separation  from  adenin),  whereas  the  other 
six  compounds  are  not  precipitated.  The  precipitates  are  soluble  in 
excess  of  sodium  hyposulphite. 

Adenin  and  hypoxanthin  can,  therefore,  be  completely  precipi- 
tated, especially  by  the  aid  of  heat,  from  their  solution  by  copper 
sulphate  and  sodium  bisulphite.  Hence  this  reagent  could  be  used 
as  a substitute  for  ammoniacal  silver  solution  in  the  method  of  sepa- 
ration and  even  of  estimation  by  determining  either  the  amount  of 
copper,  or  of  nitrogen  by  Kjeldahl’s  method.  The  adenin  precipi- 
tate is  colorless  and  gelatinous  ; changes  on  exposure  to  a light  or 
brownish  green,  and  on  drying  it  becomes  dark  green.  It  is  easily 
soluble  in  mineral  acids,  especially  nitric ; slowly  soluble  in  hot 
acetic  acid.  It  is  not  decomposed  with  sodium  hydrate;  readily  de- 
composed with  alkali  sulphids,  and  is  readily  soluble  in  ammonia. 
It  is  soluble  in  about  200,000  parts  of  hot  water. 

On  treatment  with  nitrous  acid  it  is  converted  into  hypoxanthin 
according  to  the  equation  : 

C5H6N6  + HNO,  = C6H4N40  + N,  + H,0. 

Kossel  obtained  72  per  cent,  of  the  theoretical  yield.  Since  then 
23 
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Kruger,  by  modifying  the  experimental  conditions,  adding  sodium 
nitrite  in  small  portions  to  a solution  of  adenin  in  dilute  sulphuric 
acid  at  70°,  obtained  an  almost  quantitative  conversion. 

This  formation  of  hypoxanthin  from  adenin  is  analogous  to 
Strecker’s  transformation  of  guanin  into  xanthin  by  a similar  action 
of  nitrous  acid  (see  guanin).  In  both  cases  the  change  of  a highly 
nitrogenized  into  a less  nitrogenized  body  is  accomplished  by  replac- 
ing an  NH2  group  by  O.  The  change  is  somewhat  analogous  to  that 
seen  in  the  conversion  of  primary  amins  into  primary  alcohols.  Thus, 

C3H5.NHj  + HNOj  = C,HsOH  + N,  + H30. 

Ethylamin.  Ethyl  Alcohol. 


In  the  extraction  of  adenin  from  the  mother  liquor  of  tea  leaves 
after  removal  of  caffein,  if  urea  is  not  added  to  the  nitric  acid, 
nearly  one-half  of  the  adenin  may  be  converted  into  hypoxanthin. 
By  processes  of  putrefaction  adenin  is  converted  into  hypoxanthin 
and  guanin  into  xanthin  (Schindler).  A similar  conversion  of 
adenin  and  guanin  takes  place  rapidly  in  the  pancreas  after  death 
and  it  is  not  unlikely  that  this  change  is  due  to  the  action  of  nitrous 
acid  produced  by  bacteria.  Adenin  undergoes  this  decomposition 
more  rapidly  than  do  the  other  purin  bases.  In  view  of  the  ease 
with  which  this  conversion  of  adenin  and  guanin  takes  place  it  is 
quite  probable  that  similar  changes  may  take  place  within  the  cell 
nucleus  proper  and  as  a result  hypoxanthin  and  xanthin  form  in 
greater  or  less  amount.  The  formation  of  xanthin  from  guanin 
represents  the  conversion  of  a guanidin  residue  into  a urea  group. 
The  amido  group  in  all  pi’obability  is  split  off  as  ammonia  and  goes 
to  make  urea. 

Adenin  unites  with  bases,  acids,  and  salts.  The  salts  of  adenin 
with  mineral  acids  can  be  recrystallized,  thus  differing  from  the  cor- 
responding salts  of  guanin  and  hypoxanthin,  which  are  dissociated 
by  the  action  of  water.  The  solutions  of  the  salts,  however,  show 
an  acid  reaction  to  litmus,  but  not  to  methyl  orange.  The  addition 
of  ammonia  to  concentrated  aqueous  solutions  of  its  salts  yields 
crystalline  adenin. 

The  hydrochlorid,  C5H5N5.HC1  + |H20,  forms  colorless,  trans- 
parent, strongly  refracting  crystals.  One  part  of  the  anhydrous 
salt  is  soluble  in  41.9  parts  of  cold  water.  Microscopically  it  is 
distinct  from  that  of  hypoxanthin  and  adenin-hypoxanthin.  From 
the  composition  of  the  gold  salt  it  is  highly  probable  that  a hydro- 
chlorid, C5H5N5.2HC1,  exists  analogous  to  that  of  guanin.  In  the 
course  of  the  synthesis  of  adenin  Fischer  prepared  a di-iodid. 

The  nitrate,  C5H5N6.HN03  4-  |H20,  crystallizes  from  the  aqueous 
solution  in  fine,  stellate  needles.  One  part  of  the  dry  salt  dissolves 
in  110.6  parts  of  water. 

The  sulphate,  (C8H8Nfl)rHaS04  + 2H20,  can  be  obtained  from  the 
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aqueous  solution  in  two  different  crystalline  forms.  This  may  pos- 
sibly be  due  to  the  presence  of  the  adenin-hypoxauthin  compound 
(Bruhns).  It  is  easily  soluble  in  hot  water,  and  at  the  ordinary 
temperature  it  is  soluble  in  153  parts  of  water  (156,  Fischer). 

The  oxalate,  C5HsN5.C2H204  -f  H20,  is  obtained  by  dissolving 
adenin  in  hot,  dilute,  aqueous  oxalic  acid,  from  which  solution,  on 
cooling,  it  separates  as  a voluminous  difficultly  soluble  precipitate  of 
roundish  masses  which  are  composed  of  long,  delicate  needles.  The 
oxalates  of  guanin,  hypoxanthin,  and  xanthin  are  more  easily  soluble 
than  that  of  adenin,  and  exhibit,  moreover,  a different  appearance. 

Adenin  bichromate,  (C5H5N5)2.H2C207 . This  compound  separates 
in  a few  hours  from  a mixture  of  adenin  and  chromic  acid  solutions 
in  well  formed  yellowish-red  crystals  (Bruhns).  According  to 
Kruger,  it  forms  six-sided  plates,  is  easily  soluble  in  hot  water,  diffi- 
cultly in  cold,  and  is  unchanged  by  heating  to  150°.  The  corre- 
sponding salt  of  guanin  readily  dissociates. 

Adenin  metaphosphate,  C5H5N5.HP03.  According  to  Kossel, 
adenin  is  not  precipitated  with  metaphosphoric  acid,  but  this  is  not 
strictly  true.  Aqueous,  or  even  cold  saturated  solutions  of  adenin  give 
on  the  addition  of  a few  drops  of  metaphosphoric  acid  an  amorphous 
precipitate,  appearing  under  the  microscope  as  fine  round  granules  or 
extremely  thin  membranous  masses.  It  has  not  been  obtained  in  a 
crystalline  condition.  Like  the  corresponding  guanin  compound,  it  is 
difficultly  soluble  in  cold  water.  It  is  easily  soluble  in  alkalis  and  in 
ammonia  ; is  more  or  less  soluble  in  dilute  acids  according  to  the  con- 
centration, and  is  soluble  in  excess  of  metaphosphoric  acid.  Hence 
a strongly  acid,  not  too  concentrated,  solution  of  adenin  is  not  pre- 
cipitated (Wulff).  Adenin  is  precipitated  less  completely  than 
guanin,  whereas  hypoxanthin  does  not  give  a difficultly  soluble 
metaphosphate. 

The  chloracetate,  C5H5N5.C1CH2.C02H,  was  prepared  by  Kriiger 
by  adding  an  excess  of  chloracetic  acid  to  a hot  aqueous  solution  of 
adenin.  On  cooling  it  crystallizes  in  right-angled  plates  and  in  stel- 
late four-sided  prisms.  It  is  easily  soluble  in  water  and  in  hot 
aqueous  alcohol;  difficultly  in  cold  alcohol.  At  162°-1G3°  it 
melts,  giving  off  hydrochloric  acid  and  forming  a yellowish-red  fluid 
which  gradually  becomes  intensely  red. 

Potassium  ferro-  and  ferricyanid  produce  no  precipitate  in  a solu- 
tion of  adenin,  but  if  acetic  acid  is  then  added  the  former  gives 
rise  to  a precipitate  of  thin  plates ; the  latter,  to  a precipitate  of 
light-brown  crystals  grouped  in  bunches  (Kriiger).  According  to 
Bruhns,  adenin  gives  with  potassium  ferricyanid  brownish-green 
needles. 

The  picrate,  C5H,NJ.C6H2(N02)30H  + H20,  is  thrown  down  as  a 
bright-yellow  flocculent  precipitate  when  aqueous  solutions  of  adenin 
t salts  are  treated  with  sodium  picrate.  Recrystallized  from  hot  water 
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it  forms  bright-yellow,  very  voluminous  bunches  of  long,  fine  needles 
which,  on  drying,  acquire  a silky  luster  and  form  a felted  mass.  It 
is  difficultly  soluble  in  cold  water  (1:3500);  more  readily  in  hot 
water  and  in  alcohol  (96  per  cent.);  is  insoluble  in  dilute  acids.  It 
dissolves  readily  in  a solution  of  sodium  phosphate,  from  which  solu- 
tion it  is  precipitated  by  hydrochloric  acid.  Other  salts  of  adenin, 
as  the  metaphosphate,  behave  in  the  same  way.  Uric  acid  is  also 
dissolved  by  sodium  phosphate  (Wulff).  The  water  of  crystalliza- 
tion is  not  lost  on  exposure  to  air,  but  is  driven  off  at  100°;  the  salt 
then  remains  unchanged  even  at  220°.  A cold  concentrated  aqueous 
solution  of  the  salt  treated  with  one-tenth  its  volume  of  cold  concen- 
trated solution  of  sodium  picrate  produces  a precipitate  of  short,  fine 
needles,  consisting  of  most  of  the  adenin  picrate  (five-sevenths). 
The  solubility  of  the  picrate  can  thus  be  reduced  to  as  low  as 
1:13750,  and  on  this  fact  is  based  the  quantitative  method  of 
Bruhns.  The  salt  can  also  be  obtained  in  its  characteristic  groups 
by  combining  cold  saturated  aqueous  adenin  solution  (1 :1086)  with 
picric  acid  ; with  sodium  picrate,  however,  adenin  gives  no  precipi- 
tate, since  the  picrate  is  soluble  in  an  equivalent  quantity  of  sodium 
hydrate.  Thus  is  explained  Kossel’s  statement  that  adenin  forms 
an  easily  soluble  compound  with  picric  acid.  Heated  on  platinum 
foil  it  burns  slowly  and  leaves  considerable  carbon  residue.  The 
very  bright  yellow  color  of  the  salt  serves  to  distinguish  it  from  most 
of  the  other  picrates,  especially  guanin  picrate.  Adenin  may  be  iso- 
lated from  its  picrate  by  extraction  of  the  hydrochloric  acid  solution 
with  ether,  by  precipitation  of  the  ammoniacal  solution  with  silver 
nitrate,  and  best,  according  to  Kruger,  by  dissolving  the  picrate  in 
hot  dilute  ammonia,  and  when  cold  precipitating  most  of  the  picric 
acid  with  ammoniacal  copper  sulphate  solution.  The  filtrate  can 
then  be  evaporated,  dissolved  in  dilute  H2S04,  and  the  last  traces  of 
picric  acid  removed  with  ether. 

It  may  be  noted  that  adenin  and  guanin  form  difficultly  soluble 
picrates,  whereas  xanthin  and  hypoxanthin  form  relatively  easily 
soluble  compounds. 

The  platinochlorid,  (C5H5N6.HCl)2Pt.Cl4,  crystallizes  from  dilute 
aqueous  solution  in  small  yellow  needles.  The  concentrated  aqueous 
solution  of  this  salt,  when  boiled  for  some  time,  decomposes,  with 
the  separation  of  a clear,  yellow  powder,  which  is  but  slightly  soluble 
in  cold  water,  and  has  the  composition  C5H5N5.HCl.PtCl4 . 

The  aurochlorid,  on  evaporation,  yields  very  characteristic  forms. 
It  has  been  more  recently  studied  by  Wulff,  and  found  to  possess 
the  formula  C8H5N5.(HC1)2.AuC13  -f-  II20.  From  the  hydrochloric 
acid  solution  of  adenin  and  gold  chlorid,  on  sufficient  concentration, 
or  from  dilute  solutions  by  gradual  evaporation,  it  separates  in 
bright,  well  formed  orange-colored  crystals,  which  may  attain  a 
length  of  1.2  cm.  As  pointed  out  by  Kossel,  this  salt  is  well 
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adapted  for  the  qualitative  recognition  of  adenin,  especially  in  the 
presence  of  guanin,  which  gives  no  such  compound. 

Adenin  lead  was  prepared  by  Kruger  by  adding  a solution  of 
adenin  and  sodium  hydrate  to  an  aqueous  solution  of  lead  acetate. 
It  forms  lusterless  needle-shaped  crystals.  The  composition  appears 
to  be  C5H3PbN6.  On  friction  it  becomes  strongly  electric.  Heated 
with  methyl  iodid  it  gives  rise  to  addition  products  (see  page  363). 

The  silver  salt  of  adenin,  C6H4AgNs,  is  formed  when  silver 
nitrate  is  added  in  molecular  proportion  to  a boiling  ammoniacal 
solution  of  adenin.  On  heating  this  compound  for  thirteen  hours 
at  130°  with  methyl  iodid  no  appreciable  change  results  (Kruger), 
although  Thoiss  obtained  a compound,  presumably  a methyl  addition 
product.  Ati  excess  of  silver  nitrate  produces,  in  the  cold,  the  com- 
pound OflH3Ag2N5  -f-  Ii20,  which  is  converted  slowly  in  the  cold, 
immediately  on  warming,  into  the  other  salt,  according  to  the 
equation  : 

2(CsH,Ag,N„  + H.O)  = 2CsH,AgN,  + Ag,0  + H;0. 

Owing  to  this  instability  the  two  compounds  are  always  found  to- 
gether in  varying  proportion.  Both  are  difficultly  soluble  in  water, 
and  in  ammonia  even  at  the  boiling-point.  The  precipitation  of 
adenin  by  an  ammoniacal  silver  solution  is  complete,  and  is  there- 
fore available  for  quantitative  estimation.  The  precipitate  of  adenin, 
as  well  as  of  other  xanthin  bases,  is  soluble  in  excess  of  sodium 
hyposulphite  (Kossel). 

Adenin  silver  nitrate,  C5H5Ns.AgN03  (Ag  = 35.4  percent.),  cor- 
responds to  the  similar  hypoxanthin  and  guanin  salts.  It  is  obtained 
by  dissolving  the  above  silver  compound  in  hot  nitric  acid ; and 
from  this  solution,  on  cooling,  it  separates  in  needle-shaped  crystals, 
which  are  not  permanent.  This  lack  of  stability,  as  compared  with 
the  permanent  hypoxanthin  silver  nitrate,  was  first  pointed  out  by 
Kossel  and  was  thought  to  be  due  to  the  loss  of  nitric  acid  in  wash- 
ing, and  also  by  heating  at  100°.  Bruhns,  however,  has  shown  that 
the  acidity  of  the  wash-water  is  indicated  by  litmus,  but  not  by 
methyl  orange,  which  is  not  colored  red  by  silver  nitrate.  It  would 
seem  that  adenin,  as  well  as  hypoxanthin,  and  possibly  xanthin, 
form  silver  compounds  containing  one  and  two  molecules  of  silver 
nitrate ; the  greater  the  quantity  of  silver  nitrate  used  the  higher  is 
the  per  cent,  of  silver,  i.  e.,  the  more  of  the  latter  compound  is 
formed.  These  are  very  unstable,  and  are  decomposed  by  dilute 
nitric  acid,  more  so  by  water,  into  silver  nitrate,  and  the  com- 
pound containing  one  molecule  of  silver  nitrate.  We  have  in  this 
behavior  an  interesting  case  of  mass  action  and  chemical  equili- 
brium between  adenin,  silver  nitrate,  nitric  acid  and  water.  Ammo- 
nium hydrate  removes  the  nitric  acid  from  this  as  easily  as  from  the 
hypoxanthin  compound,  and  there  is  formed,  according  to  the  com- 
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position  of  the  original  salt,  a varying  mixture  of  CrH4AgN5  and 
C6H3Ag2Ns  -f  H20.  The  solubility  in  nitric  acid  is  about  the  same 
as  that  of  hypoxanthin  silver  nitrate. 

Adenin  silver  picrate,  CRH4AgN5.C6H2(N02)30H  + H20,  is  ob- 
tained as  an  amorphous  voluminous  yellow  precipitate  when  silver 
nitrate  is  added  to  a cold  aqueous  solution  of  adenin  picrate.  If 
the  latter  solution  is  previously  raised  to  the  boiling-point,  the  pre- 
cipitate soon  becomes  crystalline  and  rapidly  subsides.  The  adenin 
can  thus  be  almost  wholly  removed  from  solution.  The  crystalline 
form  loses  its  water  of  crystallization  at  120°,  while  the  amorphous 
form  does  not  appreciably  decrease  in  weight,  and  its  composition 
does  not  appear  to  be  so  constant  as  that  of  the  corresponding  hypo- 
xanthin compound.  On  treatment  with  ammonium  hydrate  the 
picric  acid  is  removed,  and  adenin  silver,  CRH4AgNR , is  left,  stained 
yellow  by  picric  acid. 

Adenin  mercury  picrate,  (CRH4NR)2Hg.2C6H2(N020)30H,  can  be 
prepared  by  treating  a hot  concentrated  aqueous  solution  of  adenin 
picrate  with  an  excess  of  sodium  picrate,  and  then  with  mercuric 
chlorid.  It  forms  a yellow  granular,  crystalline  precipitate  (micro- 
scopic needles)  which  rapidly  subsides  and  increases  in  quantity  as 
the  solution  cools.  Its  composition  apparently  varies,  containing  one 
to  two  molecules  of  water,  according  to  the  temperature  of  the  solu- 
tion. One  molecule  is  given  otf  at  100°  and  the  second  at  105°- 120°. 
The  latter  preparation,  then,  on  exposure  to  the  air,  rapidly  absorbs 
one  molecule  of  water.  The  object  of  the  sodium  picrate  in  the 
precipitation  is  to  combine  with  the  hydrochloric  acid,  which  is  set 
free.  The  precipitate  produced  by  mercuric  chlorid  in  cold  adenin 
picrate  solution  shows  yellow  and  white  granules,  and  is  not  homo- 
geneous. Bruhns  considers  it  to  be  a mixture  of  the  adenin  mer- 
cury picrate  and  the  compound  CRH4NRHg2Cl3 ; if  sodium  picrate  is 
added,  however,  the  pure  adenin  mercury  picrate  forms,  since  no 
hydrochloric  acid  is  set  free. 

Adenin  mercuric  chlorid,  CRH4NRHgCl,  is  thrown  down  as  a white, 
finely  granular  precipitate  when  a boiling  aqueous  adenin  solution 
is  treated  gradually  with  concentrated  mercuric  chlorid  solution 
(Bruhns).  On  neutralizing  the  filtrate  from  this  precipitate  a second 
deposit  forms.  According  to  Kruger,  the  reaction  that  takes  place 
is  as  follows  : 

2C5HaNs  + 2HgCl,  = CaH(Na.HgCl  + CsH,N,.HCl.HgCl.i. 
CsHsNs.HCl.HgCI!+Na!COJ=C5H1Ns.HgCl+  2NaCl  + CO,  + H,0. 

Heated  with  alkyl  iodids  it  does  not  give  rise  to  substitution  com- 
pounds. Free  hydrochloric  acid  is  indicated  by  the  reaction  with 
methyl  orange.  Treated  with  ammonium  hydrate  the  chlorin  is  re- 
moved, and  there  is  formed  apparently  the  compound  C5H4N5HgOH. 
If  dissolved  in  warm  dilute  hydrochloric  acid  and  allowed  to  crystal- 
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lize,  the  double  salt  C5H5N4.HCl.HgCl,  + 2H20  separates  in  long, 
stellate,  silky  needles. 

Another  mercury  compound,  C5H4N5Hg2Cl3 , is  obtained  when  the 
precipitation  takes  place  in  the  cold.  The  precipitate  is  white, 
flooculeut,  and  anhydrous.  In  this  reaction,  as  above,  for  each 
adenin  molecule  an  equivalent  of  hydrochloric  acid  is  set  free. 
This  same  body  is  also  produced  when  an  adenin  solution  is  boiled 
with  a large  excess  of  mercuric  chlorid  and  as  little  hydrochloric 
acid  as  possible  to  effect  solution.  On  cooling  small  stellate  needles 
separate  out,  which  do  not  lose  their  weight  at  110°.  It  can  also 
be  obtained  by  boiling  the  following  compounds  with  water. 

When  adenin  is  boiled  with  a large  excess  of  mercuric  chlorid  and 
much  hydrochloric  acid  to  dissolve  completely  the  precipitate  that 
first  forms,  there  is  deposited  on  cooling  a crystalline  product,  which 
is  variable  in  its  composition,  and  apparently  consists  of  double  salts 
of  adenin  and  mercuric  chlorid,  such  as  C5HsN6.HC1.5HgCl2  and 
CfiH5N5.HC1.6HgCl2.  On  boiling  with  water  these  rapidly  decom- 
pose, forming  the  compound  C5II4NvHg2Cl3 . The  formation  of  a 
double  salt,  C6H5Ns.IICl.Hg2Cl2  -f  2H20,  is  described  above. 

Adenin  mercury  cyanid,  (CflH5N5)2.Hg(CN)2,  separates  as  stellate 
needles  and  plates  when  a mixture  of  hot  solutions  of  adenin  and 
mercuric  cyanid  are  allowed  to  cool. 

An  adenin  bismuth  iodid,  C5H,Ns.HI.2BiI3  -f  2H20,  is  obtained 
when  an  aqueous  adenin  solution  is  treated  with  potassium  bismuth 
iodid  containing  free  hydriodic  acid.  The  heavy  precipitate,  which 
in  color  resembles  carbon  monoxid  haemoglobin,  consists  of  micro- 
scopic glittering  red  needles.  On  contact  with  much  water  it 
partly  decomposes,  forming  light  reddish-yellow  amorphous  floccules, 
which  become  darkish  brown  at  100°. 

Chlor-adenin  has  not  been  obtained,  since  chlorin  passed  over 
dry  adenin  in  the  cold,  or  at  100°,  or  into  a boiling  chloroformic 
suspension  of  adenin  is  without  effect.  Phosphorus  pentachlorid 
heated  with  adenin  at  160°- 170°  for  some  hours  gave  a light-brown 
body  of  uncertain  composition. 

The  synthetic  di-chlor  adenin  is  derived  from  tri-chlor  purin. 

Brom-adenin.  By  treating  well  dried  adenin  with  excess  of  dried 
bromin  a dark-red  body  is  obtained  which  appears  to  contain  six 
atoms  of  bromin,  C6H5N5.Br6  (Bruhns).  On  mere  exposure  to  the 
air,  more  rapidly  on  heating  at  100°— 120°,  it  becomes  light-yellow 
and  decomposes,  yielding  bromin,  brom-adenin,  CsH4BrN5,  and  its 
bydrobroraid,  C5H4BrN5.IIBr.  Brom-adenin  is  white,  difficultly 
soluble  in  cold  water  (1  : 10,000),  more  readily  in  hot  water,  very 
easily  in  ammonia  and  in  fixed  alkalis.  It  crystallizes  from  water 
or  dilute  ammonia  in  stellate  needles  or  very  thin  plates  which, 
■when  dried  in  air,  often  assume  a silky  luster.  The  crystals  con- 
tain a variable  amount  of  water  depending  on  the  temperature  at 


360 


CHEMISTRY  OF  THE  LEUCOMA1NS. 


which  the  crystallization  takes  place.  Thus,  the  crystals  may  con- 
tain almost  two  molecules  of  water,  whereas  when  crystallization 
occurs  at  above  60°  the  crystals  are  anhydrous.  It  is  a rather 
strong  base  and  forms  well  characterized  salts  which  are  difficultly 
soluble  in  cold  water,  more  easily  in  the  presence  of  an  excess  of 
acid,  from  which  it  is  thrown  down  as  a white  micro-crystalline  pre- 
cipitate by  addition  of  ammonia.  It  is  also  formed  from  the  orig- 
inal dark-red  body  by  treatment  with  sodium  bisulphite,  or  better 
by  dissolving  the  body  in  ammonium  hydrate,  or,  according  to 
Kriiger,  by  heating  to  130°,  then  dissolving  in  sodium  hydrate  and 
precipitating  with  carbonic  or  acetic  acid.  It  is  only  difficultly  at- 
tacked by  boiling  alcohol  or  aqueous  potash  or  alcoholic  ammonia. 
The  atom  of  bromin  cannot  therefore  be  replaced  by  an  amido  or 
by  a hydroxyl  group.  Sodium  alcoholate  heated  with  brom-adenin 
at  145°  for  hours  has  no  effect. 

Brom-adenin  is  very  easily  and  completely  changed  to  adenin  by 
the  action  of  sodium  amalgam  in  the  cold,  or  by  boiling  for  several 
hours  with  zinc  dust.  No  azulmic  acid  is  formed.  It  is  not  affected 
by  iron  dust  (Bruhns).  According  to  Kriiger,  it  is  affected  by  heat- 
ing with  concentrated  potash  at  180°- 190°,  and  the  bromin  is  not 
replaceable  by  radicals  as  phenol. 

The  study  by  Bruhns  of  the  decomposition  of  the  dark-red  body, 
mentioned  above,  has  shown  that  it  is  very  probably  a hydrobromid 
of  brom-adenin,  tetra-bromid,  C5H4BrN5.Br4.HBr.  According  to 
Kruger,  this  compound  does  not  always  form  by  the  addition  of 
bromin  to  adenin.  Ordinarily  the  hydrobromid  of  brom-adenin 
forms,  unless  a very  large  excess  of  bromin  is  used.  Compounds 
similar  to  brom-adenin  are  formed  by  hypoxanthin,  guanin,  xanthin, 
and  caffein.  Azulmic  acid  reacts  with  bromin  in  much  the  same 
way  as  adenin. 

The  hydrochlorid,  sulphate,  and  nitrate  of  brom-adenin  have 
been  prepared  and  analyzed  by  Bruhns. 

Brom-adenin  picrate,  C5H4BrNvC6H2(N02)30H  4-  H20,  resembles 
that  of  adenin,  but  is  more  voluminous.  It  is  precipitated  under 
the  same  conditions  as  adenin.  The  solubility  in  cold  water  is 
about  the  same  (1:3220).  It  is  likewise  almost  completely  thrown 
out  of  solution  by  sodium  picrate.  Under  the  microscope,  how- 
ever, it  can  be  readily  distinguished  from  adenin  picrate,  since  it 
does  not  form  distinct  crystals,  but  rather  bundles  of  thin  thread-like 
needles. 

The  metal  derivatives  of  brom-adenin  are  analogous  to  those  of 
adenin.  Thus,  ammoniacal  silver  solution  gives  rise  to  a mixture 
of  C5H3AgBrN5  and  C,H2Ag?BrN5.II20.  Silver  nitrate  produces  a 
gelatinous  precipitate  which,  like  the  adenin  silver  nitrate,  has  an  in- 
constant composition  ; on  careful  heating  with  nitric  acid  (1.1  sp.  g.) 
it  can  be  obtained  in  needles  which  resemble  exactly  those  of  the 
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adenin  compound.  Prolonged  boiling  with  nitric  acid  results  in  the 
separation  of  silver  bromid.  Mercuric  chlorid,  cadmium  chlorid, 
potassium  bismuth  iodid,  etc.,  give  precipitates  with  brom-adenin 
the  same  as  with  adenin. 

Brom-adenin  gives  the  xanthin  reaction,  whereas  adenin  itself 
does  not.  Thus,  if  evaporated  with  strong  nitric  acid  on  the  water- 
bath  to  dryness,  and  the  cold  yellowish  or  reddish  residue  is  touched 
with  sodium  hydrate,  a bluish-violet  color  forms.  With  ammonia  it 
is  a purple-red ; with  baryta  water  a pure  violet. 

Dry  chlorin  gas  passed  over  warm  dry  brom-adenin  has  no  effect. 
If,  however,  the  brom-adenin  is  moist,  decomposition  and  solution 
result.  On  evaporation  of  the  solution  the  residue  gives  with  potas- 
sium hydrate  an  intense  violet-red  color;  baryta  produces  a bluish- 
green  precipitate. 

It  is  therefore  evident  from  the  above  reactions  with  nitric  acid 
and  chlorin  that  brom-adenin  is  more  readily  destroyed  or  oxidized 
than  adenin.  Inasmuch  as  all  attempts  at  obtaining  oxidation 
products  of  adenin  which  would  shed  light  on  its  constitution  failed, 
the  study  of  the  oxidation  products  of  brom-adenin  therefore  pos- 
sessed special  interest.  Kruger  succeeded  in  oxidizing  brom-adenin 
with  hydrochloric  acid  and  potassium  chlorate  in  warm  solution, 
into  alloxan,  urea,  and  oxalic  acid.  A reddish  substance  which 
dissolved  in  alkalis  with  a purple-red  color  was  also  produced  in 
small  amounts.  Its  alkaline  solution  gave  a dirty-blue  precipitate 
with  baryta.  The  amount  of  alloxan  found  was  very  small ; indeed, 
in  one  experiment  it  was  entirely  absent.  Nevertheless,  it  was 
sufficient  to  prove  that  in  adenin,  and  hence  in  hypoxanthin,  an 
alloxan  group  and  probably  an  urea  residue  were  present  as  in  uric 
acid  and  xanthin. 

When  adenin  is  treated  with  zinc  and  hydrochloric  acid  in  the 
cold  it  forms  a difficultly  soluble  crystalline  double  salt  which  has 
not  been  obtained  in  the  pure  state.  This  double  salt  is  not  obtained 
by  direct  treatment  of  adenin  hydrochlorid  with  zinc  chlorid. 

One  of  the  hydrogen  atoms  of  adenin  is  capable  of  replacement 
by  organic  radicals,  as  seen  from  the  following  compounds  : 

Acetyl  adenin,  C5H4N5.CO.CH3,  can  be  obtained  by  heating  the 
anhydrous  base  with  an  excess  of  acetic  anhydrid  for  some  time,  in 
an  oil-bath,  at  130°.  It  crystallizes  in  small  white  scales  which 
dissolve  but  slightly  in  cold  water  and  in  alcohol ; more  readily  in 
hot  water,  in  dilute  acids  and  alkalis.  Heated  to  260°  it  becomes 
yellow,  but  does  not  melt. 

Benzoyl  adenin,  C#H4N5.CO.C6Hs,  is  obtained  by  the  action  of 
benzoic  anhydrid,  but  not  of  benzoyl  chlorid  or  adenin.  It  crystal- 
lizes from  water  in  long,  lustrous,  thin  needles  which  sometimes  are 
grouped  in  bundles  and  melt  at  234°-  235°.  It  is  easily  soluble  iu 
hot  alcohol,  from  which  it  recrystallizes  on  cooling ; also  in  dilute 
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acids  and  in  ammonia.  With  ammoniacal  silver  nitrate  it  gives  a 
precipitate  resembling  that  of  adenin,  but  is  more  readily  soluble  in 
ammonia.  This  compound  is  quite  stable,  since  it  decomposes  very 
slowly  on  boiling  with  hydrochloric  acid  ; on  protracted  boiling  with 
water  it  is  changed  into  adenin  and  benzoic  acid. 

Mono-benzyl  adenin,  C5H4N5.CH2.CfiH5,  was  obtained  by  Thoiss 
by  heating  well  dried  adenin  with  benzyl  chlorid  to  boiling  (178°) 
on  an  oil-bath.  It  can  also  be  obtained,  according  to  Kruger,  by 
heating  adenin  in  a flask  with  benzyl  chlorid  in  a sulphuric  acid 
bath  ; also  by  heating  adenin  with  alcohol,  potassium  hydrate,  and 
benzyl  chlorid  under  an  inverted  condenser.  It  crystallizes  from 
alcohol  in  short,  glistening  prisms,  frequently  in  small  pointed  crys- 
tals grouped  in  plate-like  aggregations.  A ten  per  cent,  alcoholic 
solution  gives  reactions  with  silver  nitrate,  ammoniacal  silver  solu- 
tion, mercuric  chlorid,  picric  acid  and  platinum  chlorid.  Gold 
chlorid  gives  no  precipitate.  The  compound  forms  pure  white  micro- 
scopic crystals  and  melts  at  259°.  It  is  easily  soluble  in  hot 
water  and  in  hot  alcohol ; but  little  in  ether.  Its  solubility  in  water 
at  15°  is  1:  2250  ; in  water  at  100°  is  1:  320.  With  acids  it  forms 
salts  from  which  alkalis  throw  down  the  base.  The  hydrochlorid 
CflH4(C7H7)Nfi.IICl,  forms  fine  glassy  needles  or  four-sided  glassy 
prisms  with  inclined  end-surfaces,  which  are  readily  soluble  in  alco- 
hol and  in  water,  but  not  in  ether.  The  sulphate  and  nitrate  pos- 
sess similar  properties.  The  sulphate,  (C5H4(C7H7)N5)2  .H2S04 , forms 
glassy  long  prisms  containing  five  molecules  of  water,  four  of  which 
easily  pass  off  at  100°,  and  the  fifth  at  1 10°.  Like  adenin,  it  yields  a 
silver  compound  which  is  insoluble  in  ammonia.  On  reduction  with 
zinc  and  hydrochloric  acid  it  forms  an  amorphous  red  unstable  com- 
pound. Treated  with  nitrous  acid,  benzyl  adenin  is  reduced  to 
benzyl  hypoxanthin,  thus  showing  that  the  benzyl  group  replaces  a 
hydrogen  atom  in  the  group  C5H4N4 , which  Kossel  has  called 
adenyl  (see  page  336). 

Benzyl  adenin  picrate,  C12HnN5.C6H2(N02)30H,  is  obtained  as 
fine  felted  yellow  needles,  which  are  fairly  soluble  in  water  and  in 
alcohol ; insoluble  in  ether.  • 

Like  adenin,  the  benzyl  compound  is  very  resistant  to  oxidation 
with  potassium  permanganate.  On  treatment  with  sulphuric  acid 
and  chromic  acid  a part  is  completely  oxidized  and  the  remainder  is 
unchanged.  Bromin  acts  energetically,  forming  a dark-red  sticky 
mass,  which  at  120°  only  gradually  gives  off  a part  of  the  bromin 
and  becomes  dark-yellow  in  color  and  firmer  in  consistency.  Appa- 
rently four  atoms  of  bromin  unite  with  one  molecule. 

On  decomposition  with  concentrated  hydrochloric  acid  at  180°- 
200°  it  yields  glycocoll,  volatile  bases,  and  a resinous  body,  C14H]2, 
identical  with  that  obtained  by  Cannizzaro  by  the  action  of  dehy- 
drating agents  on  benzyl  alcohol  (Kruger). 
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Dibenzyl  adenin,  C5H3(C7H7)2Na , is  produced,  according  to  Kruger, 
in  small  amount  in  the  preparation  of  the  mono-benzyl  compound.  It 
is  best  obtained  by  treating  mono-benzyl  adenin  with  benzyl  chlorid; 
or  by  the  action  of  benzyl  chlorid  on  an  alcoholic  solution  of  adenin 
and  potassium  hydrate.  The  free  base  is  obtained  by  precipitating 
a solution  of  the  hydrochlorid  with  ammonium  hydrate.  It  forms 
fine  silky  needles  which  melt  at  171°  to  a yellow  fluid.  It  is  easily 
soluble  in  ether,  very  easily  in  alcohol.  In  cold  water  at  13.5°  the 
solubility  is  1 : 13,300;  in  water  at  100°  it  is  1 : 1300.  A 1 per  cent, 
alcoholic  solution  gives  reactions  with  silver  nitrate,  ammoniacal 
silver  solution,  mercuric  chlorid,  copper  sulphate,  platinum  chlorid, 
and  picric  acid.  Gold  chlorid,  lead  acetate,  basic  lead  acetate,  give 
no  precipitate. 

The  hydrochlorid,  CaH3(C7H7)2N5.HCl,  crystallizes  in  fine  silky 
needles,  frequently  in  long  prisms  with  a silky  luster  resembling  that 
of  caffein.  It  is  easily  soluble  in  water  and  in  alcohol ; insoluble  in 
ether.  It  is  thrown  out  of  water  solution,  in  part,  by  the  addition 
of  hydrochloric  acid — a reaction  not  given  by  the  mono-benzyl  com- 
pound. The  melting-point  is  at  219°-  220°. 

The  nitrate,  C,H3(C7H7)2N6  .HNOs , crystallizes  in  fine,  long  glis- 
tening needles,  which  are  difficultly  soluble  in  cold  dilute  nitric  acid. 
It  melts  at  167°  with  evolution  of  gas.  On  decomposition  with  con- 
centrated hydrochloric  acid  at  180°- 200°  it  yields  the  same  prod- 
ucts as  mono-benzyl  adenin  (Kruger). 

9-methyl  adenin,  C5H4(CH3)N5 , was  first  prepared  in  a condition 
of  purity  by  Kruger.  In  1897,  Fischer1  prepared  the  7-  and  9- 
methyl  adenins  synthetically.  The  methyl  adenin  described  by 
Thoiss  and  prepared  by  the  action  of  methyl  iodid  on  adenin-silver 
at  100°  is  probably  an  addition  product,  not  methyl  adenin.  The 
introduction  of  the  methyl  group  in  this  way  does  not  take  place 
readily,  according  to  Kriiger,  owing  to  the  formation  of  addition 
products.  This  addition  of  methyl  iodid  can  be  overcome  readily 
by  the  presence  of  sodium  alcoholate.  This  can  be  done  by  dis- 
solving adenin  in  alcoholic  sodium  hydrate  and  then  adding  methyl 
iodid  and  allowing  to  stand  for  some  months,  or  better,  by  warming 
under  an  inverted  condenser.  It  crystallizes  from  water  in  anhy- 
drous, long,  silky  needles  or  glassy  prisms  resembling  caffein.  On 
drying  in  the  air  the  silky  luster  disappears.  It  may  crystallize  with 
one  and  a half  molecules  of  water  and  does  not  melt  at  or  below  270°. 
According  to  Fischer,  it  melts  at  308°—  310°  (corr.)  without  decom- 
position. It  is  rather  difficultly  soluble  in  water,  equally  so  in  alka- 
lis; and  is  soluble  in  14  parts  of  hot  water.  The  gold  salt  of 
methyl  adenin  crystallizes  in  fine  yellow  lusterless  needles.  The 
platinochlorid  is  rather  difficultly  soluble  in  cold  water  and  crystal- 
lizes in  bright  four-  or  six-sided  rhombic  plates.  A 1 per  cent. 

1 Berichte , 30,  2250  ; 31,  104,  112. 
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aqueous  solution  of  methyl  adenin  gives  reactions  with  picric  acid, 
silver  nitrate,  ammoniacal  silver  solution,  mercuric  chlorid,  copper 
sulphate,  and  sodium  bisulphite.  The  precipitate  by  the  latter  rea- 
gent is  more  soluble  than  that  of  adenin.  Lead  acetate  and  basic 
lead  acetate  give  no  precipitate.  Like  adenin,  it  forms  a mono-brom 
derivative  (Kruger).  The  methyl  compound  of  Thoiss  gave  reac- 
tions with  baryta  water,  alcoholic  zinc  chlorid,  mercuric  nitrate,  and 
cadmium  chlorid,  while  basic  lead  acetate  was  without  effect. 

On  decomposition  with  concentrated  hydrochloric  acid  at  180°— 
200°  it  yields  ammonia,  methylamin  (distinction  from  adenin),  car- 
bonic acid,  formic  acid,  and  glycocoll,  according  to  the  equation  : 

C6H6(CH3)N4  + 8H20  = 3NH,  + CH3NH2  + C02  + 
2H.CO.OH  + NH2.CH2.COOH. 

Mono-methyl  adenin  methyl  iodid,  C5H4(CH3)N5.CH3I,  is  ob- 
tained by  the  action  of  methyl  iodid  on  adenin-lead.  It  crystallizes 
from  alcohol  in  coarse,  glassy  small  crystals  which  are  easily  soluble 
in  alcohol  and  in  water;  insoluble  in  ether.  Simple  substitution 
products  do  not  form  readily,  but  rather  addition  products. 

The  7-methyl  adenin  was  prepared  synthetically  by  Fischer.  It 
melts  at  351°  (corr.)  and  sublimes  at  a higher  temperature.  It  is 
soluble  in  29  parts  of  boiling  Avater  and  separates  out  on  cooling  as 
a granular  powder,  only  occasionally  bent  needles  being  present.  It 
is  difficultly  soluble  in  alcohol  and  forms  salts  with  acids  and  metals 
like  its  isomer. 

Both  methyl  adenins  can  be  readily  changed  into  the  correspond- 
ing methyl  hypoxanthins. 

Ethyl  adenin,  C5H4(C2Hr))N5 , Avas  prepared  by  Kriiger  according 
to  the  principle  employed  for  the  preparation  of  the  methyl  deriva- 
tiA”e.  It  is  easily  soluble  in  Avater  and  alcohol,  and  its  aqueous  solu- 
tion gives  reactions  Avith  silver  nitrate,  ammoniacal  silver  nitrate, 
mercuric  chlorid,  copper  sulphate,  and  sodium  bisulphite,  picric  acid, 
platinum  chlorid,  gold  chlorid.  The  sulphate  crystallizes  from  con- 
centrated solutions  in  roundish  masses  of  crystals. 

Iso-amyl  adenin,  C5H4(CSHU)N5 , Avas  also  obtained  by  Kruger  by 
heating  adenin  AA'ith  alcohol,  sodium  hydrate,  and  iso-amyl  iodid.  It 
is  easily  soluble  in  alcohol,  acetone,  chloroform,  hot  benzol  ; diffi- 
cultly soluble  in  ether  and  carbon  disulphid.  The  solubility  in 
water  at  ordinary  temperature  is  1 :1430,  and  is  not  increased  by 
sodium  or  ammonium  hydrate.  It  is  easily  soluble  in  acids.  It 
forms  large  bright  irregular  plates  which  melt  at  148°-150°.  A 
0.7  per  cent,  aqueous  solution  reacts  with  silver  nitrate,  ammoniacal 
silver  solution,  mercuric  chlorid,  picric  acid,  and  gold  chlorid. 
Platinum  chlorid  does  not  give  a precipitate. 

The  9-phenyl  adenin  has  been  synthesized  by  Fourneau  (1901) 
from  the  corresponding  uric  acid. 
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Adenin-hypoxanthin,  C5H5NA  -f-  C5H4N40. — The  occurrence  of 
this  compound  was  observed  by  Kossel,  but  it  was  isolated  and 
studied  for  the  first  time  by  Bruhns.  It  can  be  prepared  by  cooling 
a hot  aqueous  solution  of  equal  parts  of  the  two  bases.  At  first  it 
is  obtained  as  thick,  starch-like,  semi-transparent  masses,  which  later 
iu  part,  become  white  and  chalky.  By  spontaneous  evaporation  of 
its  solution  in  very  dilute  ammonia  it  forms  pearly  aggregates  of 
very  small  radially  arranged  needles,  which  contain  water  of  crystal- 
lization. These  effloresce  somewhat  and  lose  the  water  at  100°. 
The  compound  is  more  readily  soluble  in  water  than  its  components, 
but  an  exact  determination  of  its  solubility  is  impossible,  inasmuch 
as  the  separation  from  hot  solutions  is  not  completed  for  some 
weeks.  Any  adenin  present  can  be  separated  by  recrystallization. 
It  forms  a distinct  crystalline  hydrochlorid,  which  should  be  borne 
in  mind  when  examining  microscopically  for  the  two  bases ; but  the 
combination  is  loose,  since  addition  of  gold  chlorid  brings  down  the 
characteristic  gold  salt  of  adenin.  Ordinarily  it  does  not  form  salts 
with  sulphuric  or  nitric  acid,  but  more  often  is  decomposed  by 
these,  so  that  the  difficultly  soluble  adeniu  crystallizes  out.  Once, 
however,  Bruhns  obtained  a sulphate  which  differed  from  the 
pure  adenin  and  hypoxanthin  sulphates.  This  perhaps  explains 
the  observation  of  Kossel  that  adenin  sulphate  forms  crystals  belong- 
ing to  two  systems.  The  compound  can  be  decomposed  into  its  con- 
stituents by  fractional  crystallization  of  the  sulphate  or  nitrate ; but 
better  by  forming  the  picrates,  which  are  very  unequally  soluble  in 
water.  The  existence  of  this  compound  undoubtedly  explains  many 
of  the  mistakes  and  discrepancies  concerning  the  properties  of  hypo- 
xanthin, which  it  resembles  more  than  adenin,  and  for  the  same 
reason,  perhaps,  adenin  was  so  often  overlooked. 

Adenin-theobromin,  C.H5N5.C7H8N402. — This  compound  re- 
sembles the  preceding,  and  was  prepared  by  Kruger  (1896)  from 
tea-extract.  It  is  easily  soluble  in  hot,  more  difficultly  in  cold 
water.  On  recrystallization  from  water  partial  decomposition  takes 
place.  From  aqueous  solution  picric  acid  throws  down  adenin, 
while  theobromin  remains  in  solution.  It  can  be  obtained,  by  crys- 
tallizing an  aqueous  solution  of  equal  molecules  of  the  two  bases,  as 
fiue,  long  prisms  of  marked  silky  appearance. 

Hypoxanthin,  CflH4N40,  sometimes  also  known  as  sarcin  or  sar- 
kin,  was  discovered  by  Scherer  (1850)  in  splenic  pulp  and  in  the 
muscles  of  the  heart,  and  was  named  thus  because  it  contains  one 
atom  of  oxygen  less  than  xanthin. 

The  base  has  been  prepared  synthetically  by  Fischer.1  Thus,  tri- 
chlor  purin  with  alkali  yields  di-chlor  hypoxanthin  which  on  reduc- 

1 Berichle,  30,  2226. 
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tion  yields  hypoxanthiu.  It,  as  well  as  its  methyl  derivatives,  may 
be  also  prepared  from  the  synthetic  adenin  and  its  methyl  derivatives 
by  treatment  with  nitrons  acid. 

It  has  been  obtained,  usually  accompanying  adenin  and  guanin, 
from  nearly  all  of  the  animal  tissues  and  organs  rich  in  nucleated 
cells,  i.  e.,  in  nuclein.  It  has  been  found  in  blood  after  death,  but 
not  in  blood  when  flowing  through  the  blood  vessels.  Salomon  has 
recently  shown  it  to  be  a normal  constituent  of  urine,  present,  how- 
ever, in  an  exceedingly  minute  quantity. 

From  10,000  liters  of  urine  Kruger  and  Salomon  obtained  8.5  g. 
of  hypoxanthin.  For  the  other  bases  present,  see  xanthin,  p.  389. 

In  the  blood  and  urine  of  leucocythaemic  patients  it  occurs  in  in- 
creased quantity  owing  to  the  abnormally  large  number  of  nucleated 
white  blood  corpuscles  in  circulation  (p.  348).  Bence  Jones  ob- 
served in  the  urine  of  a boy,  who  about  three  years  before  showed 
the  symptoms  of  renal  colic,  a deposit  of  characteristic  whetstone- 
like crystals,  resembling  uric  acid,  but  differing  from  the  latter  by 
dissolving  readily  on  the  application  of  heat,  while  from  hydrochloric 
acid  it  crystallized  in  elongated  six-sided  plates.  These  crystals  he 
believed  to  be  those  of  xanthin,  but  Scherer  and  others  considered 
them  to  be  hypoxanthin.  It  is  therefore  quite  possible,  though  very 
rare,  for  this  base  to  form  a deposit  in  the  urine  and  to  be  con- 
founded in  shape  with  uric  acid.  Thudichum  obtained  it  from 
the  urine  of  persons  sick  with  liver  or  kidney  diseases.  Accord- 
ing to  Jaksch,  it  is  present  in  exudates  and  transudates  with  uric 
acid. 

Among  other  places  it  has  been  found  in  the  brain,  muscle,  serum, 
marrow  of  bones,  kidney,  heart,  spleen,  liver,  peripheral  muscles 
(sarkin  of  Strecker),  in  the  adrenals  (Holm,  Okerblom) ; in  the 
spawn  of  salmon  (Piccard),  in  the  testicles  of  the  bull  (Salomon),  in 
the  nuclein  of  pus  and  red  corpuscles  (Kossel),  in  developing  eggs, 
and  in  putrefaction  of  albumin  (Salomon).  It  has  also  been  found 
in  the  spores  of  lycopodium,  and  in  the  pollen  of  various  plants,  in 
seed  of  black  pepper,  in  grass,  clover,  oats,  bran  of  wheat,  larvte  of 
ants  ; in  the  juice  of  potato  (Schulze) ; in  certain  wines  (Kayser)  ; 
in  the  aqueous  decoction  of  beer  yeast  (Schutzenberger) ; and  also 
in  the  liquid  in  which  yeast  is  grown  (Bechamp).  In  the  auto- 
digestion of  yeast  hypoxanthin  and  xanthin  disappear  and  only 
adenin  and  guanin  remain  (Kutscher)  (see  p.  348). 

Demant  has  shown  it  to  be  relatively  abundant  in  the  muscles  of 
pigeons  in  a state  of  inanition,  while  in  muscles  of  well  fed  pigeons 
it  is  said  to  be  entirely  absent.  Salomon  found  hypoxanthin  and 
xanthin  in  the  cotyledons  of  lupine,  as  well  as  in  the  sprouts  of  malt, 
while  Reinke  and  Rodewald  observed  these  two  bases  together  with 
guanin  in  ^Ethalium  septicum.  With  adenin,  xanthin,  and  theo- 
phyllin,  it  occurs  in  tea-leaves  (Kossel)  ; but  Kruger  (1896)  showed 
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that  it  is  present  in  traces,  if  at  all,  when  the  copper  method  is  used. 
In  other  words,  by  the  action  of  nitrous  acid,  even  in  presence  of 
urea,  adenin  is  partially  changed  to  hypoxanthin  when  the  silver 
salts  obtained  by  the  old  method  are  treated  with  nitric  acid.  Balke 
has  found  it  in  malt-sprouts  by  the  copper  method.  In  the  pollen 
of  the  fir  (Pinus  sylvestris)  Kresling  found  hypoxanthin,  xanthin, 
and  guanin,  but  not  adenin.  In  the  seeds  of  Kandia  dumetorum 
Vogtherr  found  hypoxanthin  and  guanin,  but  no  xanthin. 

Hypoxanthin  has  been  extracted  from  the  pancreas.  Adenin  and 
guanin  in  the  pancreas  readily  change  after  death  into  hypoxanthin 
and  xanthin  (Inoko).  Inasmuch  as  in  the  sterile  auto-digestion  of 
yeast,  as  pointed  out  above,  only  adenin  and  guanin  remain  it  would 
seem  as  if  trypsin  readily  destroyed  hypoxanthin  and  xanthin.  On 
the  other  hand,  in  the  presence  of  bacteria,  possibly  owing  to  the 
formation  of  nitrous  acid,  adenin  and  guaniu  are  converted,  as  pointed 
out  by  Inoko,  into  hypoxanthin  and  xanthin.  The  otherwise  dis- 
crepant results  are  thus  readily  explained. 

For  the  accidental  formation  of  hypoxanthin  from  adenin  by 
nitrous  acid  in  the  silver  method,  see  page  409. 

When  a mixture  of  guanin,  xanthin,  and  hypoxanthin  is  allowed 
to  putrefy,  the  bases  decompose  and  disappear  in  the  order  named. 
Hypoxanthin  resists  bacterial  action  the  longest,  and  this  corre- 
sponds with  its  behavior  to  reagents  (Baginsky).  Adenin  during 
putrefaction,  in  the  absence  of  air,  is  converted  into  hypoxanthin 
and  guanin  is  correspondingly  changed  into  xanthin  (Schindler). 
An  amido  group  is,  therefore,  replaced  by  oxygen,  and  probably  goes 
to  form  urea.  This  conversion  is  a very  important  fact,  since  the 
process  of  putrefaction,  as  Hoppe-Seyler  has  repeatedly  pointed  out, 
is  analogous  to  the  vital  process,  and  the  same  chemical  change  may 
take  place  in  the  animal  organs.  The  same  change  very  probably 
takes  place  in  the  auto-digestion  of  yeast  provided  living  yeast,  and 
especially  bacteria,  are  present.  In  sterile  auto-digestions,  as  car- 
ried on  in  the  presence  of  an  antiseptic,  only  adenin  and  guanin  are 
present  in  appreciable  amount.  Its  formation  from  adenin  can  be 
represented  thus : 

C„HSNS  + Hf> _ C.H.N.O  + NH, . 

Hypoxanthin  occurs  frequently  in  plants  together  with  the  other 
members  of  this  group,  namely,  adenin,  guanin,  xanthin  and  its 
methyl  derivatives.  The  widely  distributed  character  of  these  bases 
is  due  to  the  presence  of  a parent  substance,  viz.,  nuclein,  the  neces- 
sary constituent  of  all  cells  capable  of  development,  which  under 
the  influence  of  acids,  and  probably  likewise  of  cellular  enzymes, 
decomposes  into  the  above  mentioned  bases.  They  may,  therefore, 
be  considered  as  the  first  steps  in  the  retrograde  metamorphosis  of 
nearly  all  of  the  tissues  of  animals  and  plants. 
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Recent  advances  in  biological  chemistry  have  shown  that  the 
undeveloped  eggs  of  various  insects  and  birds  yield  much  less  xan- 
thin  bodies  (hypoxauthin,  xanthin,  etc.)  on  treatment  with  dilute 
acid  than  do  the  partially  developed  eggs  (Tichomiroff,  Kossel). 
This  is  dependent  upon  the  remarkable  fact  observed  by  Kossel  that 
the  nuclein  of  undeveloped  chicken  eggs  differs  from  the  nuclein  of 
cell  nuclei  and  resembles  that  obtained  from  milk.  For,  while  the 
nuclein  from  the  cell  nuclei  decomposes  into  adenin,  guanin,  hypo- 
xanthin,  etc.,  that  from  undeveloped  eggs  and  from  milk  yields  no 
nitrogenous  bases  on  treatment  with  acids.  But  as  the  egg  develops, 
i.  e.,  the  nucleated  cells  increase  in  number,  this  latter  nuclein  is 
gradually  converted  or  gives  way  to  the  ordinary  cell  nuclein,  and 
hence  it  is  that  the  chick  embryo  yields  guanin,  hypoxauthin,  and 
possibly  adenin. 

Unquestionably,  the  presence  of  hypoxauthin,  etc.,  in  developing 
cells  is  due  to  the  presence  of  the  nuclein  molecule  from  which  it  is 
readily  split  off.  In  muscle,  however,  hypoxanthin  and  xanthin 
appear  to  exist  preformed,  and  bear  no  relation  to  nuclein,  since  they 
are  in  the  free  condition,  and  can  be  extracted  from  the  tissue  by 
water.  This  condition  is  analogous  to  that  observed  in  plants,  such 
as  tea,  and  in  sprouts  and  is  undoubtedly  due  to  an  enzyme  action 
on  nuclein  (p.  348). 

According  to  the  observations  of  Salomon  and  Chittenden,  hypo- 
xanthin is  formed  by  the  digestion  of  blood  fibrin  with  gastric  juice, 
pancreatic  juice,  or  on  heating  with  water  or  dilute  acids.  Egg 
albumin  under  the  same  conditions  does  not  yield  any  hypoxanthin, 
except  when  treated  with  pancreatic  juice.  These  observations  re- 
quire repetition,  inasmuch  as  the  fibrin  used  undoubtedly  contained 
nuclein,  which,  as  we  now  know,  readily  decomposes  under  those 
conditions  into  its  characteristic  nitrogenous  bases. 

Hypoxanthin  can  be  readily  obtained  from  a number  of  closely 
related  substances.  Thus,  carnin,  by  the  action  of  oxidizing  agents, 
is  converted  into  hypoxanthin.  For  this  reason  Weidel  and  Scliiit- 
zenberger  regarded  hypoxanthin  as  derived  from  carnin  and  this 
view  may  be  in  part  correct  for  it  is  not  improbable  but  that  carnin 
which  is  a purin  base  exists  at  times  in  the  nuclein  molecule  or  is 
formed  during  the  metabolism  of  the  purin  radical. 

Again,  it  can  be  obtained  from  adenin  (p.  353)  by  the  action  of 
nitrous  acid.  The  relation  that  hypoxanthin  bears  to  uric  acid 
had  not  been  definitely  established  until  Kriiger  showed  that 
the  constitution  of  hypoxanthin  was  closely  connected  with  that 
of  uric  acid  and  the  xanthin  compounds.  Streckler’s  belief  that 
hypoxanthin  by  oxidation  yields  xanthin,  and  that  uric  acid 
by  reduction  with  sodium  amalgam  yields  first  xanthin  and  then 
hypoxanthin,  was  not  confirmed  by  Kossel  or  by  Fischer.  The 
reported  change  of  uric  acid  into  xanthin  and  hypoxanthin  by 
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Sundvvik  (p.  337)  will  require  confirmation.  Nevertheless,  the  re- 
searches of  Fischer  have  shown  that  at  least  indirectly  the  purin 
bases  may  be  converted  into  uric  acid  and  vice  versa  (p.  337). 

Hypoxanthin  was  once  regarded  as  a step  lower  than  guanin 
in  the  series  of  nitrogenous  products  of  regressive  metamorphosis, 
and  consequently  was  considered  as  derived  from  guanin.  The 
investigations  of  Kossel,  however,  show  that  it  arises  not  from 
guanin  but  from  adenin.  On  the  other  hand,  guanin  is  to  be  looked 
upon  as  the  source  of  xanthin.  It  is  probable  that  in  the  organism 
it  is  oxidized  as  soon  as  it  is  set  free  from  the  nuclein,  forming  suc- 
cessively xanthin,  uric  acid,  urea,  etc.,  and  the  small  quantity  pres- 
ent in  the  urine  is  all  that  has  escaped  oxidation.  The  fact  that 
hypoxanthin  is  so  widely  distributed  in  the  organism,  and  in  much 
larger  quantities  than  was  formerly  supposed,  shows  that  it  may  con- 
stitute, together  with  the  closely  related  bodies  creatin,  xanthin, 
guanin,  etc.,  a part  of  the  antecedents  of  urea  and  of  uric  acid. 
This  view  is  furthermore  strengthened  since  hypoxanthin  is  espe- 
cially abundant  in  those  organs  which  are  most  active  in  producing 
metabolic  changes  in  the  body,  viz.,  the  liver  and  spleen.  The  fact 
that  tryptic  ferments  apparently  decompose  hypoxanthin  and  xanthin 
has  been  already  pointed  out  (p.  348).  The  conversion  of  hypo- 
xanthin into  uric  acid  by  an  emulsion  of  liver  cells  has  been  shown 
by  Wiener  (p.  343). 

When  fed  to  dogs,  it  was  observed  that  the  amount  of  hypoxan- 
thin present  in  the  urine  decreased,  and  even  became  less  in  amount 
than  before  the  experiment ; but,  on  the  other  hand,  the  amount  of 
xanthin  and  especially  of  uric  acid  in  the  urine  was  found  to  have  in- 
creased above  the  normal.  This  shows  that  hypoxanthin  in  the  body 
is  oxidized  probably  first  to  xanthin,  then  into  uric  acid.  According 
to  Robert,  hypoxanthin  is  a true  muscle  stimulant  (see  p.  345). 

Hypoxanthin  is  a Avhite,  colorless,  crystalline  powder,  sometimes 
in  part  amorphous;  according  to  Bruhns,  pure  hypoxanthin  does 
not  form  floccules  and  bunches  of  microscopic  needles,  but  usually 
coherent  crusts,  which  consist  of  roundish,  sharp-cornered  granules; 
some  resemble  octahedra.  The  synthetic  hypoxanthin  separates 
from  hot  aqueous  solution  as  a colorless  crystalline  powder  (Fischer). 
It  is  soluble  in  about  300  parts  of  cold  water  (Strecker),  but  accord- 
ing to  Fischer  the  synthetic  base  is  soluble  at  19°  in  1415  and  at 
23°  in  1370  parts  of  water.  This  agrees  fairly  with  Scherer’s  result 
1 : 1090.  The  base  separates  slowly  from  aqueous  solutions,  and 
when  pure  the  solubility,  even  in  the  beginning,  is  less  than  1 :300. 
At  the  end  of  four  days  Bruhns  found  it  to  be  1:1 880.  It  is  more 
easily  soluble  in  boiling  water  (78  parts  Strecker,  69.5  parts  Fischer), 
and,  on  cooling,  separates  in  the  form  of  white,  crystalline  floccules, 
thus  differing  from  xanthin  which  is  amorphous.  According  to 
Scherer  the  solubility  in  warm  water  is  1 to  180.  The  solubility  in 
24 
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cold  alcohol  is  very  slight,  about  1 : 1000.  It  dissolves  in  acids  and 
alkalis  without  decomposition,  and  from  solutions  in  the  latter  it 
can  be  precipitated  by  passing  carbonic  acid,  or  by  the  addition  of 
acetic  acid.  The  aqueous  solution  possesses  a neutral  reaction. 

The  free  base  can  be  heated  up  to  150°  without  suffering  decom- 
position, but  above  this  temperature  it  sublimes,  and  partially  de- 
composes, with  evolution  of  hydrocyanic  acid.  When  heated  with 
potassium  hydrate  to  200°  it  yields  ammonia  and  potassium  cyanid. 
Heated  with  water  to  200°  it  decomposes  into  carbonic  acid,  formic 
acid,  and  ammonia,  and  in  this  respect  it  agrees  with  adenin  (page 
342).  The  properties  of  Strecker’s  sarkin  agree  closely  with  those 
of  adenin-hypoxanthin  ; and,  inasmuch  as  the  latter  has  been  often 
described  as  hypoxanthin,  it  is  very  desirable  that  the  properties  of 
hypoxanthin  be  redetermined. 

When  evaporated  with  an  oxidizing  agent,  chlorin  water  and 
nitric  acid,  the  residue  is  said  to  give  on  contact  with  ammonia 
vapors  a rose-red  color  (Weidel  test).  Kossel,  however,  has  shown 
that  this  is  due  to  the  presence  of  xanthin,  and  that  pure  hypoxan- 
thin does  not  give  either  the  murexid  test  or  the  xanthin  reaction. 
According  to  Strecker,  concentrated  nitric  acid  converts  hypoxanthin 
into  a nitro  compound,  which  in  turn,  by  the  action  of  a reducing 
agent,  is  changed  into  xanthin.  This  statement  has  not  been  con- 
firmed either  by  Fischer  or  by  Kossel.  It  does  not  give  a green  color 
with  sodium  hydrate  and  chlorid  of  lime — distinction  from  xanthin 
(page  392).  Potassium  permanganate  when  added  to  an  acid  solu- 
tion of  the  base  is  very  slowly  decolored  and  hence  can  be  used  for 
its  purification  (Kossel). 

Like  adenin  (page  352),  when  evaporated  with  bromin  water  and 
nitric  acid  on  a water-bath  it  gives  a residue  which  with  alkalis  turns 
red,  whilst  nitric  acid  alone,  as  given  above,  has  no  effect  (Kossel). 
An  additional  similarity  to  adenin  is  seen  in  its  behavior  to  zinc  and 
hydrochloric  acid.  The  addition  of  sodium  hydrate  after  reduction 
produces  a red  color  (page  352)  which  is  not  as  pronounced  as  in  the 
case  of  adenin  (Fischer).1 

For  the  behavior  of  hypoxanthin  and  other  bases  to  Drechsel’s 
reaction,  see  p.  353.  With  copper  sulphate  and  sodium  bisulphite  it 
forms  a whiter,  more  flocculent  precipitate  than  adenin,  soluble  in 
250,000  parts  of  hot  water  (Kruger).  Its  solubility  and  properties 
are  about  the  same  as  those  of  the  adenin  compound.  0.5  per  cent., 
and  even  stronger  solutions,  are  not  precipitated  in  the  cold  by 
copper  sulphate  and  sodium  hyposulphite.  It  is,  however,  precipi- 
tated on  heating,  whereas  uric  acid  is  not.  It  is,  therefore,  possible 
to  separate  uric  acid  from  adenin  and  hypoxanthin  by  precipitating 
the  latter  two  bases  in  hot  solution  with  copper  sulphate  and  sodium 
hyposulphite.  The  method,  however,  is  of  little  practical  value, 

1 Berichte,  30,  2230,  2241. 
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eince  uric  acid  can  be  readily  separated  from  these  two  bases  with 
dilute  acids.  The  separation  may  be  useful  for  guaniu  and  xanthin, 
which  are  less  soluble  in  dilute  acids,  and  hence  difficult  to  separate 
from  uric  acid.  By  effecting  the  precipitation  in  cold  solution  of 
the  two  bases,  adenin  can  be  separated  from  hypoxanthin. 

With  acids  it  yields  crystallizable  compounds,  and,  like  the  amido 
acids,  it  forms  compounds  with  bases  and  also  with  metallic  salts, 
such  as  silver  nitrate  and  copper  acetate. 

The  hydrochlorid,  C5H4N40.HC1  + H20,  crystallizes  in  needles, 
and,  like  the  nitrate  and  sulphate,  it  is  dissociated  on  contact  with 
water.  The  crystalline  form  is  characteristic  and  distinct  from  that 
of  adenin,  as  well  as  adenin-hypoxanthin.  The  nitrate  forms  thick 
prisms  or  roundish  masses  readily  soluble  in  water  and  ammonia. 
Platinum  chlorid  forms  a yellow  crystalline  double  salt,  having  the 
composition  CSH4N 40 . HC1 . PtCl4 . 

It  does  not  form  a difficultly  soluble  metaphosphate  as  adenin  or 
guanin  (see  p.  355). 

The  picrate  forms  bright  yellow  prisms  easily  soluble  in  hot  water, 
which  solution  is  not  affected  as  that  of  adenin  by  sodium  picrate. 
According  to  Wulff,  it  possesses  the  formula  C?H4N40.C6H2(N02)30H 
-f  H20.  It  is  obtained  by  addition  of  picric  acid  to  a solution  of 
adenin,  or  of  sodium  picrate  to  an  acid  solution  of  adenin.  Depend- 
ing on  the  concentration,  it  precipitates  in  greater  or  less  length  of 
time.  It  is  difficultly  soluble  in  cold  water ; easily  in  alkaline,  also 
in  ammonia.  The  estimation  of  adenin  or  guanin  by  picric  acid  in 
the  presence  of  hypoxanthin  is  likely  to  give  a high  result. 

Hypoxanthin-lead  can  be  prepared,  according  to  Kruger,  by  add- 
ing a solution  of  hypoxanthin  in  sodium  hydrate  to  a solution  of  lead 
acetate.  It  is  amorphous. 

Hypoxanthin  silver,  C,H2Ag2N40.H20,  forms  an  amorphous 
colorless  precipitate  when  silver  nitrate  is  added  to  an  ammoniacal 
solution  of  the  base.  All  attempts  to  obtain  a compound  containing 
but  one  atom  of  silver  in  the  molecule,  corresponding  to  the  adenin 
compound  C5H4AgN5,  have  failed.  The  above  compound  was  first 
prepared  by  Strecker,  and  given  the  formula  C5H4N40.Ag20 ; but 
the  former  is  preferable,  since  on  heating  at  120°  two  and  a half 
molecules  of  water  are  lost  and  2C5H2Ag2N40  -f  H20  (Ag  = 60.2 
per  cent.)  results.  At  140°— 150°  it  loses  again  in  weight  and  be- 
comes gradually  gray ; on  exposure  to  air  it  absorbs  moisture.  In 
this  form  hypoxanthin  can  be  estimated  quantitatively ; the 
presence  of  sodium  picrate  does  not  interfere,  but  chlorids,  etc.,  do. 
It  is  insoluble  in  hot  water.  The  compound  CsH2Ag2N40.3H20  is 
obtained  in  the  form  of  microscopic  needles,  by  treating  pure  hypo- 
xanthin silver  nitrate  with  excess  of  aqueous  ammonia^,-  On  boiling 
with  ammonia  water  it  is  but  slightly  dissolved,  and  appears  to  lose 
slowly  a part  of  its  water  of  crystallization.  As  a result  of  the 
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decomposition  one  half  of  the  hypoxanthiu  passes  into  solution,  and 
can  be  recovered  on  boiling  with  addition  of  silver  nitrate  in  the 
crystalline  form  ; or  in  the  cold,  as  the  usual  amorphous  precipitate, 
C5H2Ag2N40.H20. 

Hypoxanthiu  silver  nitrate,  C5H4N4O.AgNOs  (Ag  = 35.20  per 
cent.),  is  the  best  known  compound  ; its  formula  was  established  by 
Strecker.  It  is  obtained  by  dissolving  the  above  precipitate,  pro- 
duced bv  addition  of  silver  nitrate  to  an  ammoniacal  solution  of  the 
base,  in  hot  nitric  acid,  specific  gravity  1.1 ; on  cooling  the  hypo- 
xanthin  silver  nitrate  crystallizes  in  the  form  of  tufts  of  microscopic 
needles  or  plates.  Heated  at  100°— 120°  it  remains  constant  in 
weight ; the  quantity  of  silver  present,  when  determined,  is  always 
somewhat  higher  than  the  theoretical,  especially  if  an  excess  of  silver 
nitrate  is  employed  in  the  precipitation.  The  explanation  of  this 
fact  is  probably  that  given  under  adenin,  though  presence  of  silver 
chlorid  may  partly  be  the  cause.  On  treatment  with  ammonia  it 
loses  not  only  nitric  acid,  but  also  half  of  the  hypoxanthiu,  and 
C5H2Ag2N40.3H20  forms.  The  change  takes  place  readily  even  in 
the  cold,  and  if  during  the  digestion  an  excess  of  silver  nitrate  is 
added,  the  hypoxanthin  set  free  is  converted  into  this  compound, 
which  is  wholly  constant  in  composition  compared  with  the  hypo- 
xanthin silver  nitrate.  The  conversion  is  quantitative.  Very  dilute 
hydrochloric  acid,  as  well  as  hydrogen  sulphid,  removes  the  silver 
from  this  compound. 

Hypoxanthin  silver  picrate,  C5H3AgN4O.CfH2(N02)3OH  (Ag 
= 22.88  per  cent.),  is  gradually  formed  by  adding  silver  nitrate  to 
a boiling  solution  of  hypoxanthin  picrate.  The  precipitate  is  granular 
and  of  a lemon-yellow  color,  and  consists  of  aggregations  of  fine,  short 
needles.  It  is  slightly  soluble  in  hot,  insoluble  in  cold  water.  It 
is,  therefore,  applicable  for  a quantitative  determination  of  the  base. 
Aqueous  ammonia  very  readily  and  completely  removes  the  picric 
acid  from  the  compound,  and  the  residue  is  hypoxanthin  silver, 
which  is  slightly  colored  yellow  by  a trace  of  picric  acid  ; half  of 
the  hypoxanthin  passes  into  solution.  Nitric  acid  with  difficulty 
converts  it  into  hypoxanthin  silver  nitrate. 

Hypoxanthin  mercuric  chlorid,  C5H3N4OHgCl,  is  obtained  by  add- 
ing an  equivalent  quantity  of  mercuric  chlorid  to  a boiling  solution 
of  hypoxanthin.  The  precipitate,  which  increases  on  cooling,  is 
crystalline. 

A second  compound,  C5H3N4OHg2Cl3 , is  produced  by  adding  a 
strong  excess  of  mercuric  chlorid,  in  the  cold,  to  an  aqueous  solu- 
tion of  hypoxanthin.  It  forms  a heavy  granular  micro-crystalline 
precipitate,  which  contains  some  water  of  crystallization. 

By  boiling  the  preceding  compound  with  just  sufficient  hydro- 
chloric acid  to  effect  complete  solution,  there  is  formed  on  standing 
a precipitate  of  white  roundish  aggregates  of  leafy  or  needle-shaped 
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glittering  crystals  which  have  the  composition  C5H4N4O.HgCl2 

4-  HsO.  . . 

The  following  table  of  Bruhns  illustrates  the  analogy  existing 
between  the  mercury  compounds  of  adeuin  and  hypoxanthin  and 
similar  derivatives  of  ammonium  : 


Ammonium.  Adknin. 


NHjIIgCl 

NH,HgjCls 

(NHs),HgCl, 


(i 


CjH4N8HgCl 

C8H4N5Hg.Cl, 

CsH5Nj  ),Hg(  CNJl 
C6H#N6)1Hg.2C,If1(N01)s0H 


Hypoxanthin. 

C6H8N4OHgCl(  4 H»0) 
C6H,N4OHglCl,(  + 11,0) 

C6H4N4OHgCl,(  4-  H,0) 


Hypoxanthin,  as  well  as  guanin  and  xanthin,  forms  readily  soluble 
compounds  with  fixed  alkalis.  From  these  solutions  the  alkali  com- 
pounds tend  to  crystallize  on  gradual  evaporation,  in  rosettes  or 
bundles  of  needles — difference  from  heteroxanthin  and  paraxanthin 
(Salomon).  The  alkali  solutions  of  the  xanthin  bases  are  precipi- 
tated by  carbonic  acid  and  behave  with  acid  salts,  bicarbonates,  and 
ammonium  salts  the  same  as  the  heteroxanthin-sodium  compound. 

According  to  Bruhns,  hypoxanthin  and  uric  acid  are  unaffected  by 
the  action  of  dry  bromin,  even  at  100°,  but  Kruger  has  shown  this 
statement  to  be  incorrect.  Bromin  has  no  action  on  hypoxanthin  at 
ordinary  temperatures,  but  at  100°  and  as  high  as  150°  the  latter  is 
changed  quantitatively  into  brom-hypoxanthin.  A dark-red  crys- 
talline mass  is  obtained  which  contains  six  atoms  of  bromin  to  one 
molecule  of  hypoxanthin.  It  is  a tetra-bromid  of  brom-hypoxanthin 
hydrobromid,  C6H3BrN4O.HBr.Br4 , analogous  to  the  similar  com- 
pound of  adcnin.  It  loses  bromin  slowly  in  the  cold,  rapidly  at  120°, 
and  brom-hypoxanthin  hydrobromid  remains,  C5H3BrN4O.HBr. 
From  this  salt  the  free  base  can  be  obtained  after  conversion  into 
the  sodium  compound.  For  this  purpose  the  solution  of  the  salt  is 
treated  with  sodium  hydrate  or  carbonic  acid,  or  saturated  direct 
with  sodium  carbonate,  then  concentrated  to  crystallization. 

Brom-hypoxanthin,  C8H3BrN40  4-  2II20.  This  can  be  prepared 
as  just  described,  or  by  the  action  of  nitrous  acid  on  brom-adenin  at 
70°.  It  forms  a heavy  powder  of  small,  coarse  crystals  ; may  form 
spherical  groups  of  long,  hair-like  needles  containing  molecules 
of  water.  It  is  difficultly  soluble  in  water ; easily  soluble  in  acids 
and  alkalis.  The  aqueous  solution  reacts  strongly  acid.  It  has  the 
properties  of  a base  and  an  acid,  behaving  with  alkalis  and  alkali 
carbonates  the  same  as  uric  acid,  setting  free  carbonic  acid  from  the 
latter. 

An  aqueous  solution  of  brom-hypoxanthin  reacts  with  silver 
nitrate,  ammoniacal  silver  solution,  mercuric  chloral,  copper  sul- 
phate, and  sodium  bisulphite.  In  acid  solution  it  is  precipitated 
by  tannic  acid,  phosphotungstic  acid,  phosphomolybdic  acid,  by  basic 
lead  acetate  ; and  is  not  precipitated  by  lead  acetate  or  by  baryta 
water. 
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On  heating  brom-hypoxanthin  with  sodium  carbonate,  or  by  pass- 
ing carbonic  acid  into  a solution  of  the  base  in  sodium  hydrate,  the 
sodium  compound  of  brom-hypoxanthin  forms,  C,H2NaBrN40  + 
2HzO.  It  is  easily  soluble  in  hot  water ; rather  difficultly  in  cold 
water.  The  solution  has  an  alkaline  reaction.  The  free  base  can 
be  obtained  by  adding  the  calculated  quantity  of  acid.  The  corre- 
sponding barium  compound  is  obtained  by  passing  carbonic  acid 
into  a solution  of  brom-hypoxanthin  in  barium  hydrate.  On  con- 
centration it  crystallizes  in  fine  white  needles,  and  has  the  compo- 
sition (C8H2BrN40)2Ba.  The  lead  compound  forms,  on  the  addition 
of  lead  acetate  to  a solution  of  the  base  in  sodium  hydrate,  as  an 
amorphous  precipitate. 

The  bromin  in  brom-hypoxanthin  is  held  as  firmly  as  that  in  brom- 
adenin.  Thus  it  is  not  affected  by  heating  with  alcoholic  potash  for 
three  hours. 

On  decomposition  of  brom-hypoxanthin  with  hydrochloric  acid 
and  potassium  chlorate  Kruger  obtained  alloxan  and  urea.  The 
yield  of  alloxan  is  not  greater  than  that  from  adenin,  and  much  less 
than  that  from  xanthin,  due  undoubtedly  to  the  alloxan  nucleus 
splitting  up  into  simpler  bodies  because  of  a different  arrangement 
of  bonds. 

The  synthetic  dichlorhypoxanthin  was  prepared  by  Fischer  from 
trichlorpurin  (p.  337). 

Benzyl  hypoxanthin,  C5H3N4O.CH2.CfiH5,  was  obtained  by  Thoiss 
by  the  action  of  nitrous  acid  on  benzyl  adenin.  It  forms  a white 
crystalline  mass  which  under  the  microscope  consists  of  thin  plates. 
It  is  easily  soluble  in  hot  water,  dilute  alcohol,  and  in  acetic  ether; 
insoluble  in  ether  and  chloroform.  It  melts  at  280°.  It  appears, 
as  Kossel  pointed  out,  that  adenin  and  hypoxanthin  contain  a 
group,  C6H4N4,  which  he  named  adenyl.  This,  it  will  be  seen,  cor- 
responds to  Fischer’s  purin. 

Two  of  the  possible  3-methyl  hypoxanthins  are  known.  The  7- 
and  9-methyl  derivatives  can  be  prepared  from  the  corresponding 
compounds  of  adenin  by  the  action  of  nitrous  acid  (Fischer).1 

1-7-dimethyl  hypoxanthin,  C5II2(CH3)2N40.  This  compound  was 
prepared  by  Bruhns,  in  the  same  way  as  methyl  adenin,  by  heating 
hypoxanthin  with  alcohol,  sodium  alcoholate,  and  methyl  iodid. 
Fischer2  prepared  the  same  derivative  from  dichlorhypoxanthin  and 
from  7-methyl  hypoxanthin.  A compound  of  dimethyl  hypoxanthin 
with  sodium  iodid,  C.H2(CH3)2N4O.NaI  + 3H20,  formed  first  which, 
crystallized  from  alcohol,  gave  prismatic  crystals,  easily  soluble  in 
water  and  in  hot  alcohol,  insoluble  in  ether.  The  synthetic  hy- 
poxanthin forms  this  same  characteristic  double  salt.  Other  bases 
of  the  uric  acid  group  are  not  known  to  form  similar  compounds. 

1 Berichte,  30,  2409  ; 31,  113. 
s Berichte,  30,  2230,  2411. 
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Even  caffein,  which  resembles  dimethyl  hypoxanthin,  does  not  enter 
into  such  a combination. 

The  free  base  is  obtained  by  treatment  of  this  compound  with 
freshly  precipitated  silver  oxid.  It  melts  at  244°—  246°  (Fischer). 
From  chloroform  it  crystallizes  in  fine  silky  needles,  containing  three 
molecules  of  water  of  crystallization.  From  alcohol  it  crystallizes  in 
groups  of  small  pointed  anhydrous  crystals.  It  is  easily  soluble  in 
water  and  chloroform  ; less  so  in  alcohol.  A strong  solution  of  the 
base  reacts  with  silver  nitrate,  with  nitric  acid  and  silver  nitrate, 
with  copper  sulphate  and  sodium  bisulphite  (in  the  cold,  not  on 
warming).  Copper  sulphate  and  sodium  thiosulphate  do  not  give  a 
precipitate.  A one  per  cent,  solution  of  the  base  gives  precipitates 
with  mercuric  chlorid,  platinum  chlorid,  and  gold  chlorid,  but  not 
with  lead  acetate,  basic  lead  acetate,  picric  acid,  and  ammoniacal 
silver  solution. 

On  account  of  the  solubility  of  this  base  in  water  and  chloroform  ; 
the  fact  that  it  is  not  precipitated  by  ammoniacal  silver  solution, 
which  precipitates  all  bases  of  the  uric  acid  group  containing  a re- 
placeable imido  group ; also  on  account  of  its  behavior  with  copper 
sulphate  and  mercuric  chlorid,  Kruger  concluded  that  hypoxanthin 
contained  only  two  imido  groups  capable  of  substitution.  In  addi- 
tion to  these  adenin  contains  a third  amido  group,  which  is  not  re- 
placeable, and  which  with  nitrous  acid  is  replaced  by  oxygen.  The 
nitrogen  in  position  9,  however,  is  capable  of  forming  methyl  com- 
pounds. 

On  decomposition  with  concentrated  hydrochloric  acid  at  180°- 
200°  it  yields  one  molecule  of  methylamin  and  two  of  ammonia 
and  one  of  sarkosin,  according  to  the  equation  : 

C6H2(CH3)2N40  + 7H  O = 2NH  + CH3NH2  + C02  + 
2HCOOH  +‘CH3.NH.CH2.COOH: 

The  isomer  1-9-di-methyl  hypoxanthin  is  probably  formed  from 
9-methyl  hypoxanthin  (Fischer). 

Diethyl  hypoxanthin  ethyl  iodid,  CsH2(C2H5)2N4O.C2H5I.  This 
compound  was  also  prepared  by  Kruger,  by  heating  hypoxanthin- 
lead  with  ethyl  iodid.  It  crystallizes  from  alcohol  in  beautiful  four- 
sided glistening  prisms,  which  are  easily  soluble  in  water  and  in  hot 
alcohol ; insoluble  in  ether. 

Iso-amyl  hypoxanthin,  C5H3(C5Hu)N40,  was  likewise  prepared 
by  Kruger  by  heating  hypoxanthin  in  the  presence  of  sodium  hy- 
drate and  alcohol  with  amyl  iodid.  It  forms  six-sided  rhombic 
plates  and  is  easily  soluble  in  chloroform,  difficultly  in  cold  water, 
insoluble  in  ether. 

Di-iso-amyl  hypoxanthin,  C5H2(C5H,  J2N40,  is  formed  in  small 
amount  at  the  same  time  as  the  preceding.  It  yields  a hydrochlo- 
rid  crystallizing  in  small  needles.  The  base  is  set  free  from  solu- 
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tions  of  the  salt  as  an  oil  which  on  cooling  becomes  crystalline.  The 
formation  of  these  two  compounds  is  analogous  to  the  benzyl  sub- 
stitutions in  adenin. 

Ethyl  chloro-carbonate,  acting  on  hypoxanthin  in  the  presence  of 
sodium  hydrate,  produces  a precipitate  which,  recrystallized  from 
hot  water,  forms  elongated  sharp-angled  plates  which  melt  at  185°- 
190°.  It  is  insoluble  or  difficultly  soluble  in  cold  or  hot  alcohol,  in 
ether,  and  in  cold  water ; easily  soluble  in  hot  water,  in  sodium 
hydrate,  and  in  hydrochloric  acid.  Its  formula  corresponds  to 
CsH3N4O.CO.C2H5  . It  is,  therefore,  considered  by  Kossel  to  be  a 
urethan  of  hypoxanthin. 

Phosphomolybdic  acid  precipitates  hypoxanthin  from  acid  solu- 
tion, and  in  general  the  base  gives  the  ordinary  alkaloidal  reactions. 

It  is  not  precipitated  by  ammoniacal  basic  lead  acetate.  Copper 
acetate  does  not  precipitate  it  in  the  cold,  but  does  on  boiling.  This 
fact  has  been  made  use  of  in  the  isolation  of  hypoxanthin.  Mer- 
curic chlorid,  as  well  as  mercuric  nitrate,  produces  a flocculent  pre- 
cipitate. 

Altogether,  in  its  behavior  to  reagents  it  resembles  xanthin  to  a 
very  considerable  degree.  The  two  can  be  separated,  however,  by 
the  different  solubilities  of  the  hydrochlorids  in  water,  and  more 
especially  by  that  of  the  silver  salts  in  nitric  acid. 

Physiological  Action. — 25-100  mg.  begin  to  act  on  frogs  in  from 
six  to  twenty-four  hours,  and  produce  increased  reflex  excitability 
and  convulsive  attacks  ; 5-100  mg.  are  fatal  (Filehne).  (See  also 
page  345.)  When  injected  subcutaneously  into  hepatotomized  geese  or 
chickens,  or  when  fed  to  chickens,  a corresponding  increase  in  uric 
acid  secretion  is  observed  (v.  Mach).  A similar  conversion  of  hypo- 
xanthin into  uric  acid  is  effected  by  emulsions  of  the  liver  of  certain 
mammals  (Wiener,  page  343).  This  conversion  is  analogous  to  that 
observed  by  Stadthagen  in  the  case  of  guanin  (pages  344,  379),  and 
shows  that  in  the  xanthin  bodies  we  may  have  antecedents  of  nric 
acid  apart  from  the  synthesis  of  the  latter  from  ammonia  in  the  liver, 
or  from  the  direct  decomposition  of  nucleins.  The  process  by 
which  this  change  is  effected  is  undoubtedly  one  of  oxidation. 

Guanin,  C5H5N50,  was  discovered,  in  1844  by  Unger,  as  a con- 
stituent of  guano,  in  which  it  is  present  in  varying  quantities  accord- 
ing to  the  region  from  which  the  guano  comes.  Thus  the  Peruvian 
guano  is  reported  as  containing  the  largest  proportion  of  this  base, 
and  on  that  account  this  variety  is  employed  when  it  is  desired  to 
prepare  guanin. 

Fischer  accomplished  the  synthesis  of  guanin  by  changing  di-chlor 
hypoxanthin  with  ammonia  into  an  amino-oxychlor  purin  which  on 
reduction  with  hydriodic  acid  gave  guanin.  Its  isomer1  (p.  341), 

1 Berichie,  30,  2247. 
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prepared  from  di-chlor  adenin,  resembles  guanin  very  much  and 
inasmuch  as  it  may  be  looked  upon  as  an  oxidation  product  of 
adenin  Fischer  is  inclined  to  believe  that  it  may  be  found  in  the 
animal  body.  From  guanin  it  is  distinguished  by  the  fact  that  the 
sulphate  contains  one  molecule  of  water  which  is  not  driven  off  at 
120°,  and  also  by  not  yielding  guanidin  on  cleavage. 

More  recently  Traube  1 has  effected  the  synthesis  of  guanin  by 
starting  out  with  guanidin  and  cyanacetic  acid  ethyl  ester.  A 
pyrimidin  body  was  obtained  which  with  formic  acid  gave  the  purin 
base  guanin. 

Guanin  Inis  been  met  with  in  a very  large  number  of  tissues,  both 
animal  and  vegetable  ; in  the  liver,  pancreas,  lungs,  retina,  in  the 
thymus  gland  of  the  calf,  and  in  the  testicle  substance  of  the  bull ; 
in  the  scales  of  the  bleak,  and  in  the  swimming  bladder  of  fish,  as 
well  as  in  the  excrements  of  birds,  of  insects,  as  the  garden  spider, 
in  which  it  occurs  with  a small  quantity  of  uric  acid  (Weinmann), 
and  is  to  be  regarded  as  a decomposition  product  of  proteids  in  the 
tissues  of  the  spider.  It  is  also  found  in  the  spawn  and  testicle  of 
salmon,  and  Schulze  and  others  have  shown  it  to  be  present  in  the 
young  leaves  of  the  plane-tree,  of  vine,  etc.,  also  in  grass,  clover, 
oats,  as  well  as  in  the  pollen  of  various  plants.  Kresling  found 
it  in  the  pollen  of  the  fir  with  hypoxanthin  and  xanthin.  Guanin 
and  hypoxanthin,  but  no  xanthin,  are  present  in  the  seeds  of 
Randia  dumetorum  (Vogtherr).  Schiitzenberger  isolated  it,  together 
with  hypoxanthin,  xanthin,  and  carnin,  from  yeast  which  had  been 
allowed  to  stand  in  contact  with  water  at  or  near  the  body  tempera- 
ture. On  the  other  hand  in  sterile  auto-digestion  of  yeast  and  of 
pancreas  Kutscher  found  only  adenin  and  guanin  ; in  the  former 
also  the  hexon  bases,  ammonia,  leucin,  tyrosin,  asparaginic  acid  and 
the  base  CRH6N404.  As  pointed  out  on  p.  367  in  the  presence  of 
bacteria,  perhaps  owing  to  the  formation  of  nitrous  acid,  the  guanin 
is  changed  to  xanthin.  Levene  obtained  guanin  and  adenin  from  the 
nucleinic  acids  prepared  from  pancreas  and  from  tubercle  bacilli. 

Pathologically,  it  occurs  in  the  muscles,  ligaments  and  joints  of 
swine  suffering  from  the  disease  known  as  guanin  gout.  Normally, 
guanin,  like  adenin,  is  present  in  muscle  tissue  only  in  traces.  It 
has  never  been  found  in  the  urine,  though  xanthin  has  been  mis- 
taken for  guanin  by  some.  In  their  extensive  studies  upon  the 
alloxuric  bases  Kruger  and  Salomon  failed  to  obtain  guanin  from 
10,000  liters  of  urine.  Possibly  the  base  was  changed  to  xanthin 
by  the  nitrous  acid  formed  in  the  process,  although  this  is  not  the 
case  with  adenin  which  was  found  in  the  urine.  Altogether  the 
presence  of  guanin  in  urine  remains  yet  an  open  question.  In  some 
cases  of  exudates  and  transudates  guanin  is  present  in  considerable 
amounts  (Jaksch). 


1 Benefits,  33,  1371. 


378 


CHEMISTRY  OF  THE  LEUCO MAINS. 


The  pancreas  according  to  Hammarsten  yields  a nucleo-proteid 
which  on  decomposition  gives  chiefly  guanin.  Bang  has  prepared 
a nucleinic  acid,  presumably  from  this  proteid,  which  on  hydrolysis 
yields  guanin  (34.35  per  cent.)  and  no  other  base.  Glycerin,  phos- 
phoric acid  and  pentose  are  the  other  products.  Should  Bang’s  work 
be  confirmed  it  will  go  to  show  that  there  are  several  nucleinic  acids 
in  the  pancreas,  inasmuch  as  adenin  and  traces  of  xanthin  and  hypo- 
xanthin  have  been  obtained  from  this  organ  (Kossel,  Levene). 

As  to  the  origin  of  this  substance  in  the  organism  very  little  has 
been  known  up  to  within  a few  years,  except  so  far  as  it  has  been 
shown  to  be,  together  with  other  members  of  this  group,  a transitory 
product  in  the  metabolism  of  nitrogenous  foods  and  tissues.  In  the  case 
of  the  lower  animals  it  is  evidently  the  end-product  of  all  change,  inas- 
much as  it  is  excreted  as  such.  Our  knowledge  as  to  the  immediate 
origin  of  this  and  the  other  allied  bases  has  been  extended  by  the  bril- 
liant researches  of  Kossel  and  his  pupils  on  the  decomposition  prod- 
ucts of  nuclein,  in  which  he  has  shown  that  this  essential  constituent 
of  all  nucleated  cells,  whether  animal  or  vegetable,  decomposes  un- 
der the  action  of  water,  dilute  acids  or  enzymes  into  adenin,  guanin, 
hypoxanthin,  and  xanthin.  We  know  that  the  first  two  bases  are 
readily  converted  by  the  action  of  nitrous  acid  into  the  other  two  ; 
that  is  to  say,  a NH2  group  in  these  bases  is  replaced  by  an  atom  of 
O — a change  which  it  is  not  at  all  unlikely  takes  place  in  the  tis- 
sues, perhaps  in  every  cell  nucleus.  That  such  a change  is  quite 
probable  is  shown  by  the  putrefaction  experiments  of  Schindler, 
whereby  adenin  and  guanin  were  converted  respectively  into  hypo- 
xanthin and  xanthin.  If  this  explanation  is  correct,  then  adenin 
and  guanin  are  primary  transitional  products  between  the  complex 
nucleo-proteid  on  the  one  hand,  and  hypoxanthin  and  xanthin  on 
the  other.  These  two,  in  turn,  may  form  the  connecting  link 
between  the  former  and  the  final  waste  products  uric  acid  and  urea. 

Schulze  and  Bosshard  (1886)  found  in  young  vetch,  clover,  ergot, 
etc.,  a new  base,  to  which  they  have  given  the  name  vernin.  It  has 
the  formula  C^H^NgOg , and  is  of  especial  interest  at  this  point, 
since  on  heating  with  hydrochloric  acid  it  apparently  yields  guanin. 
We  have,  therefore,  at  least  two  well  defined  sources  of  guanin,  the 
nucleins  and  vernin. 

Neither  adenin  nor  guanin  occurs  in  normal  muscle  further  than 
in  mere  traces,  a fact  which  can  only  be  explained  on  the  ground 
that  the  muscle  tissue  is  poor  in  nucleated  cells,  and  hence  in 
nuclein.  Just  as  the  muscle  cell  has  become  morphologically  differ- 
entiated from  the  typical  cell,  it  may  be  looked  upon  also  as  having 
undergone  a concomitant  chemical  differentiation  (page  349). 

Guanin  and  creatin  apparently  mutually  replace  one  another. 
Thus,  in  the  muscle,  as  just  stated,  guanin  occurs  only  in  traces 
whereas  creatin  is  especially  abundant.  This  may  find  its  explana- 
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tion  in  the  fact  that  both  are  substituted  guauidins.  Creatin  is 
regarded  by  Hoppe-Seyler  as  an  intermediate  product  in  the  forma- 
tion of  urea,  and  a similar  rdle  probably  belongs  to  guanin.  It  has 
already  been  pointed  out  (p.  336)  that  the  purin  bases  may  break 
up  in  part  into  pyrimidin  bodies  and  these  in  turn  may  yield  sim- 
pler products.  It  is  therefore  possible  for  guanin  to  thus  yield  crea- 
tiniu  which  on  hydration  would  give  creatin.  The  formation  of  the 
latter  from  hexon  bases  such  as  arginin  is  a like  possibility.  The 
observation  of  Wiener  that  uric  acid  is  destroyed  by  the  muscle 
and  kidney  of  herbivora  (beef,  horse)  and  by  the  liver  of  carniv- 
ora (dog,  hog)  emphasizes  a like  action  of  the  muscles  with  respect 
to  the  purin  bases.  From  Stadthagen’s  experiments  on  dogs  we 
know  that  guanin  ingested  produces  an  increase  in  the  amount  of 
uric  acid  and  urea  excreted,  and  the  same  is  also  true  of  the  nuclein 
derived  from  yeast.  These  results  have  led  him  to  the  conclusion 
that  in  mammals  uric  acid  is  a direct,  or  more  or  less  altered  cleav- 
age product  of  proteids,  notwithstanding  the  fact  that  in  birds  it  is 
the  result  of  synthesis  in  the  liver  (page  344). 

Guanin  as  ordinarily  obtained,  when  ammonia  is  added  to  a solu- 
tion of  a salt,  forms  a white  amorphous  powder.  According  to 
Horbaczewski 1 it  can  be  obtained  in  a crystalline  form  by  dissolving 
the  powder  in  a warm  dilute  alkali  (1-2000),  adding  about  one  third 
volume  of  alcohol  and  then  acidulating  with  acetic  acid.  Any  cloudi- 
ness that  forms  is  removed  by  filtration,  after  which  the  clear  filtrate 
is  allowed  to  stand.  In  time  the  guanin  crystallizes  in  rather  large 
roundish  or  irregular  aggregates  which  resemble  those  of  creatinin 
zinc  chlorid  and  consist  of  long  prisms  or  pyramids  microscopically 
quite  unlike  those  of  xanthiu.  The  crystals  contain  no  water  of 
crystallization. 

The  free  base  is  insoluble  in  water,  alcohol,  ether,  and  ammonium 
hydrate ; easily  soluble  in  mineral  acids,  fixed  alkalis,  and  in  excess 
of  concentrated  ammonium  hydrate.  It  can  be  heated  to  above  200° 
without  undergoing  decomposition.  When  evaporated  with  strong 
nitric  acid  it  gives  a yellow  residue,  and  this  on  the  addition  of 
sodium  hydrate  assumes  a red  color,  which  on  heating  becomes 
purple,  then  indigo-blue ; on  cooling  it  returns  to  a yellow,  passing 
through  purple  and  reddish-yellow'  shades,  due,  according  to  v. 
Briicke,  to  absorption  of  water.  This,  the  so-called  xanthin  reaction, 
was  supposed  to  be  due  to  the  formation  of  xanthin  and  a nitro- 
product.  It  is  given  best  by  guanin,  then  by  xanthin,  and  is  not 
given  by  either  hypoxanthin  or  adenin. 

Nitrous  acid  converts  it  directly  into  xanthin,  thus  : 

C6HsN50  + HN02  = CftH4N402  + N,  + IIaO. 

This  reaction  is  identical  with  that  of  adenin,  w'hereby  hypo- 

1 Zeits.  physiol.  Chem.,  23,  226,  1897. 
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xanthin  is  formed  (see  p.  353).  By  putrefaction  in  the  absence  of 
air  it  forms  xanthin  (Schindler).  The  change  can  be  represented  by 
the  equation  : 

C6H8N50  + H20  = C5H4N402  -f  NHS. 

On  oxidation  with  potassium  permanganate  it  yields  urea,  oxalic 
acid,  and  oxy-guanin.  On  heating  with  hydrochloric  acid  and 
potassium  chlorate  it  is  oxidized  to  carbonic  acid,  guauidin,  and 
parabanic  acid,  according  to  the  equation  : 

C,HjNjO  + 11,0  + 30  =°|°  NH>  + M>C  = NH  + COr 

CO— NH/  h*n 

Pakabanic  Acid.  Guanidin. 

This  decomposition,  noted  by  Strecker,  was  repeated  and  confirmed 
by  Fischer  who  was  unable  to  obtain  alloxan  and  urea,  as  in  the  case 
of  xanthin,  but  instead  isolated  parabanic  acid  and  guanidin.  The 
latter  may  be  identified  as  a picrate  (Emich). 

According  to  Strecker,  a small  amount  of  xanthin  is  formed  in 
this  reaction,  and  it  is  quite  possible  that  this  base  is  also  formed  on 
oxidation  with  nitric  acid,  especially  if  it  contains  nitrous  acid. 

On  decomposition  with  concentiated  hydrochloric  acid  at  180°- 
200°  Wulff  obtained  cleavage  products  similar  to  those  of  xanthin, 
namely,  ammonia,  glycocoll,  carbonic  acid,  and  formic  acid.  The 
reaction  is  as  follows  : 

C5H6NsO  + 7H,0  = 4NH3  + C2H5N02  + 2C02  + CH202. 

Guanin  combines  with  acids,  bases  and  salts.  It  is  a very  feeble 
base  as  seen  from  the  fact  that  some  of  its  salts,  as  the  hydrochlorid, 
bichromate,  etc.,  readily  dissociate  on  contact  with  water,  especially 
at  higher  temperatures.  On  the  other  hand,  adenin  is  a much 
stronger  base.  It  unites  with  bases  to  form  crystalline  compounds  ; 
and  with  one  or  two  equivalents  of  acids  to  form  crystallizable  salts. 
Thus,  with  hydrochloric  acid  it  forms  the  two  salts,  C5H5N50.(HC1)2 
and  CJTN.O.HC1  + H,0.  Similar  combinations  can  be  obtained 
with  nitric  acid.  The  sulphate,  (CsH5NsO)2.H2S04,  crystallizes  in 
long  needles,  and,  like  the  other  salts,  is  decomposable  by  water.  It 
contains  two  molecules  of  water,  a fact  which  distinguishes  guanin 
from  its  isomers.  The  iodid,  nitrate,  oxalate,  and  tartrate  are  also 
known. 

The  platinochlorid,  (C5H5NsO.HCl)2PtCl4  + 2H20,  is  readily  ob- 
tained in  a crystalline  condition.  The  silver  compound  is  soluble  in 
hot  nitric  acid,  and  on  cooling  sepai’ates  out  in  fine,  needle-shaped 
crystals,  having  the  composition  CsHflN50.AgN03.  For  its  behavior  to 
DrechseFs  reaction,  precipitation  with  copper  solution  in  the  presence 
of  reducing  substances,  see  page  353.  The  compound  forms  as  a white 
flocculent  precipitate,  which  soon  turns  greenish  and  tends  to  disso- 
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ciate  on  contact  with  water  (Balke).  It  probably  has  the  formula 
C5HsN5O.Cu20.  As  it  has  more  imido  groups  than  adenin  and  hy- 
poxautiiin,  it"  is  probable  that  its  solubility  is  less  than  that  of  the 
copper  compound  of  these  bases. 

The  solutions  of  the  hydrochlorid  are  precipitated  by  mercuric 
chlorid  and  nitrate,  potassium  chromate,  potassium  ferricyanid,  and 
by  picric  acid.  Basic  lead  acetate  gives  a precipitate  only  on  addi- 
tion of  ammonium  hydrate. 

Guanin  bichromate,  (CsHsN50)2.H2Cr207 , is  in  composition  analo- 
gous to  that  of  adenin,  and  was  obtained  by  Wulff  by  adding  potas- 
sium bichromate  to  a hydrochloric  acid  solution  of  guanin.  It 
appears  as  well  formed,  bright,  orange-colored,  elongated,  four-sided 
prisms,  with  truncated  ends.  On  contact  with  water  it  readily  dis- 
sociates, especially  at  100°.  When  heated  above  100°  it  gives  off 
water  whereas  adenin,  which  is  a stronger  base,  does  not  dissociate 
on  contact  with  water,  and  is  permanent  at  above  100°. 

Guanin  metaphosphate,  C5H,N5O.HP03  H20,  has  also  been 
studied  by  Wulff.  It  is  characterized  by  extremely  slight  solubility 
in  water  and  in  dilute  acids.  Pohl  first  observed  that  sodium  meta- 
phosphate gave  with  guanin  hydrochlorid  a precipitate  insoluble 
in  excess  of  acids,  but  soluble  easily  in  alkalis.  Liebermann  ob- 
tained a precipitate  by  adding  metaphosphoric  acid  to  a solution  of 
guanin  in  sodium  hydrate.  The  same  precipitate,  according  to 
Wulff,  forms  when  an  acid  solution  of  guanin  is  treated  with  meta- 
phosphoric acid.  Contrary  to  Liebermann,  the  salt  has  a defin- 
ite composition,  and  is  not  prone  to  dissociation  as  is  the  case  with 
other  compounds  of  guanin.  The  precipitation  of  guanin  is  so 
complete  that  in  the  filtrate  picric  acid  gives  no  reaction,  and  silver 
nitrate  produces  only  a slight  flocculent  precipitate.  Inorganic  salts, 
as  magnesium  sulphate,  may  prevent  or  retard  the  precipitation.  It 
forms  an  amorphous,  porcelain-like  mass  which  is  ignited  with  diffi- 
culty. Dried  at  120°  it  still  retains  one-half  molecule  of  water.  In 
the  presence  of  water  at  high  temperature,  as  in  drying,  a part  of 
the  compound  is  converted  apparently  into  the  orthophosphate,  so 
that  very  accurate  quantitative  results  are  not  possible. 

Liebermann’s  view  that  nuclein  is  a metaphosphate  of  albumin 
containing  mechanical  admixtures  of  metaphosphates  of  xanthin 
bases  has  been  shown  to  be  wrong.  As  additional  evidence  is  the 
fact  that  guanin  inetaphosphate  is  very  difficultly  soluble  in  ammo- 
nium hydrate,  while  nuclein  is  extremely  soluble  in  dilute  ammonia. 

Guanin  ferricyanid,  (CflHftN60)4  .H3Fe(CN)6  + 8H20.  This  com- 
pound separates  slowly,  when  potassium  ferricyanid  is  added  to  a solu- 
tion of  the  hydrochlorid,  as  small,  bright,  brownish-yellow  four-or  six- 
sided  prisms.  At  100°  it  slowly  loses  weight,  and  heating  for  sev- 
eral hours  at  220°-  130°  is  necessary  to  expel  all  the  water.  The 
composition  of  this  salt  is  noteworthy,  for  one  molecule  of  acid  com- 


382 


CHEMISTRY  OF  THE  LEUC0MA1NS. 


bines  with  four  of  guanin.  The  trivalent  ferricyanic  acid  does  not 
always  exist  as  such  in  combination,  as  in  the  case  of  the  salt  of 
guanin.  On  the  other  hand,  as  pointed  out  by  Wulff,  guanin, 
though  usually  a monacid  base,  may  unite  with  different  proportions 
of  acid.  Thus  four  nitrates  are  known,  while  in  the  oxalate  and 
tartrate  three  molecules  of  guanin  unite  with  two  molecules  of  acid. 

Guanin  also  forms  a compound  with  ferrocyanic  acid,  which  ap- 
pears as  almost  colorless  needles. 

Guanin  nitroferricyanid,  (C5H5N50)2.H2N0Fe(CN)5  + lpl20. 
This  is  likewise  obtained  by  adding  sodium  nitroprussirl  to  a solu- 
tion of  guanin  hydrochlorid.  It  forms  large,  glistening,  brick-red, 
four-sided  prisms  with  pointed  ends. 

Potassium  bismuth  iodid  produces  in  even  very  dilute  solution  of 
the  salts  of  guanin  a precipitate  which  consists  of  fine,  rather  long 
red  needles.  When  dry  it  forms  a loose,  deep-red  mass.  On  heat- 
ing even  below  100°  water  is  given  off  and  the  color  changes  to  a 
dark  violet.  It  dissociates  readily  on  contact  with  water.  The 
formula  as  determined  by  Wulff  is  C5H5N5O.HI.2BiI3  -f  2H„0. 

Guanin  picrate,  CfiH5N50.C6H2(N02)30H  -f  H20.  The  reaction 
with  picric  acid  (Capranica)  is  said  to  be  very  characteristic,  and  a 
means  of  distinguishing  this  base  from  xanthin  and  hypoxanthin. 
It  is  best  obtained  by  adding  a cold,  saturated  solution  of  picric  acid 
or  of  sodium  picrate  to  the  warm  acidulated  solution  of  guanin  when 
a light,  crystalline  precipitate  forms.  Under  the  microscope  it  appears 
in  pencil-shaped,  fern-like  tufts  of  fine,  orange-yellow  needles,  rarely 
in  bunches  of  large  needles.  Adenin  picrate  has  a lighter  color. 
This  compound  is  characterized  by  its  crystalline  form  and  its  ex- 
treme insolubility  in  cold  water  and  in  dilute  acids.  Guanin  solu- 
tions, 1 : 30,000,  are  still  precipitated  by  picric  acid,  though  after 
some  time.  When  dry  it  has  a golden-yellow  color,  felt-like  con- 
sistency, and  silky  luster.  On  heating  it  becomes  almost  orange-red, 
and  on  cooling  the  original  color  returns.  At  110°  it  loses  water  of 
crystallization,  the  silky  luster,  and  becomes  light-yellow;  at  190° 
it  begins  to  decompose.  It  dissolves  easily  on  warming  in  fixed 
alkalis  and  carbonates.  A solution  of  guanin-sodium  is  therefore 
precipitated  only  by  excess  of  picric  acid.  It  is  rather  easily  soluble 
in  warm  dilute  acids ; difficultly  in  cold  acids.  It  is  dissociated  by 
water,  alcohol,  and  ammonia,  especially  when  warmed  (Wulff). 

Guanin  silver  picrate,  C5H4AgN50.C8H2(N02)30H  + 1£H,0,  is 
thrown  down  from  a boiling  solution  of  a guanin  salt,  treated  with 
excess  of  picric  acid,  by  silver  nitrate  as  a voluminous,  lemon  yellow 
amorphous  precipitate.  It  is  very  difficultly  soluble  in  hot  water, 
almost  insoluble  in  cold  water.  It  tends  to  become  dissociated  on 
contact  with  water — picric  acid  being  removed.  Ammonia  removes 
the  picric  acid  easily  and  completely,  leaving  guanin-silver  (Wulff). 

Guanin  sodium  dissociates  on  contact  with  water. 
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Brom-guanin,  C8H4BrN50,  was  prepared  by  Fischer  and  Reese  in 
1883,  and  is  analogous  to  brom-caffein,  adenin,  and  hypoxantliin. 
The  hydrochlorid  dissociates  at  ordinary  temperature.  By  the  action 
of  nitrous  acid  it  is  changed  into  brom-xanthin  just  as  brom-adenin  is 
converted  into  brom-hypoxanthin.  On  prolonged  heating  with  strong 
hydrochloric  acid  it  yields  2-amino  6.8  di-oxy  purin  (Fischer). 

Acetyl  guanin,  CsH4N5O.CO.CH3,  was  prepared  by  Wulff  by 
heating  dry  powdered  guanin  with  acetic  anhydrid.  It  forms  small, 
colorless,  silky  needles  which  are  very  difficultly  soluble  in  cold 
water — in  about  4,000  parts ; more  difficultly  in  cold  alcohol  and 
almost  insoluble  in  ether.  It  is  soluble  in  about  150  parts  of  boil- 
ing water;  less  easily  in  hot  alcohol.  It  is  easily  soluble  in  dilute 
acids,  alkalis,  and  ammonia,  especially  on  warming.  On  heating 
with  acids  and  alkalis  it  is  completely  saponified.  From  a solution 
in  cold  dilute  sodium  hydrate  it  is  precipitated  unchanged  by  car- 
bonic acid.  It  is  likewise  unaffected  by  boiling  water.  At  260°  it 
is  apparently  unchanged. 

Propionyl  guanin,  C5H4N5O.CO.CH2.CH3,  was  also  prepared  by 
Wulff  by  heating  dried  guanin  with  propionic  anhydrid.  Only  a 
small  part  of  the  guanin  enters  into  combination.  It  forms  peculiar 
crystals,  which  under  the  microscope  appear  as  rather  long  plates  or 
scales,  frequently  with  notched  edges.  The  precipitate  is  very  volum- 
inous and  when  dried  forms  a light,  felt-like,  white  mass  having 
a mother  of  pearl  luster.  Its  properties  correspond  to  the  acetyl 
compound.  It  is  likewise  apparently  unaffected  at  260°. 

Benzoyl  guanin,  C5H4N50.C0.C6H, . Benzoic  anhydrid  reacts  even 
less  energetically  than  propionic  anhydrid  on  guanin,  and  only  a 
very  small  quantity  of  the  ester  forms.  It  appears  as  small  round 
masses,  which  consist  of  fine  stellate  or  bunched  needles.  It  is 
difficultly  soluble  in  hot  water  and  alcohol,  insoluble  in  ether.  At 
very  high  temperature  it  decomposes  with  brown  coloration.  It  is 
rather  resistant  to  the  action  of  boiling  water,  but  is  readily  saponi- 
fied by  hot  dilute  acids.  Attempts  to  obtain  this  compound  by  the 
action  of  benzoyl  chlorid  on  guanin  or  on  guanin-silver  failed. 

Alkyl  derivatives  of  guanin.  Fischer  and  Reese  attempted  un- 
successfully to  prepare  alkyl  derivatives  of  guanin  by  the  action  of 
methyl  iodid  on  the  lead  and  silver  compounds  of  guanin.  Wulff 
endeavored  to  prepare  benzyl  guanin  in  the  same  way  that  Thoiss 
made  benzyl  adenin,  but  failed.  Even  heating  benzyl  chlorid  with 
guanin  in  the  presence  of  sodium  hydrate  failed.  Attempts  to  pre- 
pare a dimethyl  derivative  were  likewise  resultless.  Recently,  how- 
ever, Fischer  has  been  able  to  prepare  synthetically  the  7-methyl 
and  the  1-7-diraethyl  guanins.  The  former  is  identical  with 
Kriiger  and  Salomon’s  epiguanin  which  will  be  next  described.  The 
latter  on  oxidation  yields  methyl  guanidin,  and  corresponds  to 
heteroxanthin. 
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Ethyl  guanin,  CsH4N5O.C2H5 , was  obtained  by  Wulff  by  beating 
guanin  with  ethyl  iodid  in  the  presence  of  sodium  hydrate  and 
alcohol.  It  forms  small  needle-shaped  crystals.  When  dry  it 
yields  a light,  dry  mass.  It  is  difficultly  soluble  in  water,  very 
difficultly  in  alcohol,  easily  in  mineral  acids.  In  general  it  gives 
the  same  reactions  as  guanin.  Thus,  it  yields  a silver  compound 
difficultly  soluble  in  ammonium  hydrate  ; a finely  crystalline  picrate, 
etc.  The  boiling-hot  aqueous  solution  is  precipitated  by  gold 
chlorid.  Apparently  it  is  not  altered  by  heating  at  280°. 

Physiologically  guanin,  like  uric  acid,  is  inert  (Filehne).  This 
may  be  due  to  the  extreme  insolubility  of  the  base  (p.  345). 

Guanin  may  be  readily  prepared  from  Peruvian  guano  by  boiling 
it  repeatedly  with  milk  of  lime  until  the  liquid  becomes  colorless. 
The  residue,  consisting  largely  of  uric  acid  and  guanin,  is  boiled 
with  a solution  of  sodium  carbonate,  filtered,  and  the  filtrate,  after 
the  addition  of  sodium  acetate,  is  strongly  acidulated  with  hydro- 
chloric acid.  This  precipitates  the  guanin,  together  with  some  uric 
acid.  The  precipitate  is  dissolved  in  boiling  hydrochloric  acid,  and 
the  guanin  then  thrown  out  of  solution  by  the  addition  of  ammonium 
hydrate. 

A more  convenient  method  of  isolation  of  guanin  from  Peruvian 
guano  is  that  of  Wulff.  The  guano  is  boiled  with  about  5 per  cent, 
sulphuric  acid  for  4—6  hours,  then  cooled,  and  at  once  filtered.  The 
filtrate  is  rendered  alkaline  with  sodium  hydrate  and  again  filtered. 
This  filtrate,  containing  guanin  and  a little  uric  acid,  is  now  precipi- 
tated with  ammoniacal  silver  solution.  The  voluminous  precipitate, 
after  standing  twelve  hours,  is  transferred  to  a thick  plaited  filter, 
and  washed  first  with  cold  then  with  hot  water.  While  still  moist 
the  precipitate  is  removed  from  the  filter  and  introduced  gradually 
into  hot,  dilute  hydrochloric  acid.  The  silver  chlorid  is  filtered  off, 
and  the  filtrate  digested  on  a water-bath  with  animal  charcoal.  The 
clear  solution  is  then  saturated  with  ammonium  hydrate  to  precipi- 
tate the  guanin.  In  order  to  destroy  the  traces  of  uric  acid  which 
accompany  the  guanin  the  precipitate  is  dissolved  together  with  a 
small  amount  of  urea,  in  boiling  20  per  cent,  nitric  acid,  then  set 
aside  to  crystallize.  The  nitrate  of  guanin  is  now  dissolved  in  dilute 
sodium  hydrate,  and  reprecipitated  by  addition  of  ammonium  chlorid, 
thus  removing  any  traces  of  xanthin  that  may  be  present. 

Inasmuch  as  the  guanin  is  present  in  guano  in  combination  partly 
with  calcium,  partly  as  a nuclein-like  body,  it  is  not  all  set  free  by  a 
single  boiling  with  dilute  acid.  The  extraction  should,  therefore, 
be  repeated  until  it  ceases  to  be  given  off. 

Guanin  is  also  obtained  in  the  decomposition  of  nuclein  with  dilute 
acids,  and  can,  therefore,  be  prepared  from  such  cellular  organs  as 
the  spleen,  pancreas,  etc.  It  can  also  be  prepared  from  auto-digested 
pancreas  or  yeast  (Kutscher). 
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It  should  be  noted  here  that  in  the  decomposition  of  the  mixed 
silver  compounds  with  hydrogen  sulphid  or  ammonium  sulphid 
(Schindler)  the  guanin  often  only  in  part  passes  into  solution  with 
adenin  and  hypoxanthin,  and  the  remainder  is  held  back  in  the  silver 
sulphid  precipitate.  The  latter  should,  therefore,  be  boiled  with 
dilute  hydrochloric  acid,  and  on  saturating  the  filtrate  with  ammonia 
the  guanin  after  a while  separates  out.  That  portion  of  the  guanin 
which  does  pass  into  solution  with  the  other  two  bases  is  separated 
from  them  by  digestion  with  ammonia  on  a water-bath.  The  two 
portions  are  then  combined,  tranferred  to  a filter,  previously  dried 
at  110°,  and  weighed,  washed  well  with  ammonia,  then  dried  and 
weighed. 

Owing  to  the  slight  solubility  of  guanin  picrate  it  has  been  pro- 
posed by  Wulff  as  a means  for  the  estimation  of  guanin.  For  this 
purpose  the  neutral  or  acid  guanin  solution  is  precipitated  while 
warm,  with  a sufficient  amount  of  cold  saturated  picric  acid  solution. 
After  standing  twenty-four  hours  the  solution  is  filtered  through  a 
hardened  filter,  and  the  precipitate  well  drained.  It  is  then  washed 
with  one  per  cent,  picric  acid  and  allowed  to  drain,  after  which  it  is 
placed  between  two  watch-glasses,  and  dried  by  slowly  raising  the 
temperature,  finally  for  one  and  a half  hours  at  110°.  A deduction 
is  made  for  the  free  picric  acid  by  determining  the  amount  of  water 
in  the  precipitate  from  the  difference  in  the  weights  before  and  after 
drying.  Allowance  should  be  made  for  one  molecule  of  water  of 
crystallization  that  is  driven  off.  A further  correction  for  the  solu- 
bility of  the  guanin  salt  should  be  made  by  adding  0.0035  for  each 
100  c.c.  of  the  combined  filtrate  and  wash-water.  The  results  thus 
obtained  are  quite  satisfactory.  Bruhns  has  employed  the  picrate  of 
adenin  in  the  estimation  of  adenin.  Xanthin  and  hypoxanthin  were 
supposed  to  yield  soluble  compounds  with  picric  acid,  so  that  either 
adenin  or  guanin,  or  both,  could  be  separated  from  these  bases  in  this 
way.  Wulff,  however,  has  shown  that  when  guanin  is  precipitated 
by  picric  acid  in  the  presence  of  hypoxanthin  some  of  the  latter  is 
also  precipitated,  so  that  it  is  not  possible  to  separate  the  two  bases 
in  this  way.  The  same  is  true  of  adenin  and  hypoxanthin  if  the 
picrate  is  not  filtered  oft'  until  after  some  hours. 

In  the  separation  of  adenin  and  hypoxanthin  from  guanin  by 
heating  with  ammonium  hydrate,  some  guanin  is  dissolved,  so  that 
the  filtrate  cannot  be  used  with  accuracy  for  the  separation  of  adenin 
from  hypoxanthin  by  Bruhns’  method.  Wulff  has  endeavored  to 
replace  the  ammonia  with  metaphosphoric  acid.  Guanin  is  precipi- 
tated from  feebly  acid  solutions  by  metaphosphoric  acid  almost  com- 
pletely. The  precipitate  filtered  off,  washed  with  cold  water,  dried 
at  110°,  and  weighed  as  C5H5NrO.HP03  + £II20,  gives  usually 

(slightly  low  results,  owing  to  the  difficulty  of  washing  the  precipi- 
tate, and  the  fact  that  the  amount  of  water  retained  in  drying  varies 
” 
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through  the  partial  conversion  into  orthophosphate.  Where  more 
accurate  results  are  desired  the  precipitate  can  be  transferred  to  a 
Kjeldahl  flask,  and  the  nitrogen  determined.  The  guanin  can  then 
be  calculated  from  the  amount  of  nitrogen  found. 

Although  adenin  is  precipitated  slowly  by  metaphosphoric  acid, 
it  does  not  interfere  with  the  separation  of  guanin,  since  it  is  soluble 
in  large  excess  of  reagent.  Hypoxanthin  does  not  give  rise  to  a 
difficultly  soluble  metaphosphate,  hence  does  not  interfere  with  the 
precipitation  of  guanin.  In  the  filtrate  from  guanin  metaphosphate 
the  hypoxanthin  can  be  determined  directly  by  Bruhns’  hypoxan- 
thin silver  picrate  method,  though  on  account  of  the  excess  of  meta- 
phosphoric acid  in  the  filtrate  it  is  not  to  be  recommended.  It 
would  be  better  to  precipitate  the  filtrate  with  ammoniacal  silver 
solution,  to  decompose  the  silver  salts  with  dilute  hydrochloric  acid, 
and  then  in  the  filtrate  to  separate,  according  to  Bruhns,  the  adenin 
from  the  hypoxanthin.  The  precipitation  of  guanin  in  the  presence 
of  adenin  should  be  carried  out  in  very  dilute  solutions,  and,  as 
stated,  an  excess  of  reagents  should  be  employed.  The  method 
possesses  decided  advantages  over  the  ammonia  method  of  separa- 
tion, owing  to  the  solubility  of  guanin  in  ammonia,  especially  when 
hot.  According  to  Wulff,  100  c.c.  of  a five  per  cent,  solution  of 
ammonia  dissolves  in  the  cold  0.01  g.  of  guanin.  A volumetric 
method  for  the  estimation  of  guanin  by  means  of  copper  was  sug- 
gested by  Balke. 

Epiguanin,  CfiH7N50,  was  isolated  from  urine  by  Kruger  and 
Wolff  in  1893,  but  it  was  not  until  five  years  later  that  its  composi- 
tion and  structure  was  definitely  determined  by  comparison  with  the 
synthetic  7-methyl  guanin 1 (p.  341),  with  which  it  is  identical.  This 
same  base  was  unquestionably  isolated  by  Salomon2  as  early  as  1884 
from  hog’s  urine ; later  from  ox  urine  and  leukemic  urine.  The 
amount  of  epiguanin  obtained  by  Kruger  and  Salomon  3 from  10,000 
liters  of  urine  is  about  the  same  as  that  of  adenin  (3.40  g.)  and  is 
considerably  less  than  that  of  xanthin  and  its  derivatives  (p.  389). 

It  is  important  to  note  that  this  base  is  probably  present  with  adenin 
and  with  xanthin,  1 -methyl  xanthin  and  hypoxanthin  in  the  adrenals 
(Okerblom4).  Kruger  and  Salomon  incline  to  the  belief  that  epi- 
guanin, like  the  methylated  xanthins,  results  by  the  cleavage  of  higher 
methylated  homologues  of  guanin  which  are  probably  present  in  the 
food  or  else  it  is  a constituent  of  the  food  and  as  such  passes  through 
the  body  unchanged.  Some  epiguanin  may  unquestionably  be  de- 
rived directly  or  indirectly  from  the  food,  but  the  probable  isolation 
of  epiguanin  and  the  separation  of  1 -methyl  xanthin  from  the  ad- 

1 Rerichte , 30,  2411  ; 31,544. 

8 Zeits.  physiol.  Chem.,  18,  207  (1893);  24,J390. 

* Zeits.  physiol.  Chem.,  24,  387;  26,  367,  389. 

4 Zeits.  physiol.  Chem.,  28,  60,  1899. 
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renals  would  seem  to  indicate  the  existence  of  di-  or  trimethyl  deriva- 
tives of  guanin  in  the  body  as  products  of  nuclein  metabolism.  A 
1-7  dimethyl  guanin  for  example  might  give  rise  to  epiguanin,  which 
in  turn  would  yield  heteroxanthin  (7-methyl  xanthin).  Similarly 
a 1 -methyl  guanin  is  possible,  which  apparently  is  the  source  of 
1-methyl  xanthin.  Finally  paraxanthin  (1-7-dimethyl  xanthin)  may 
in  part  be  directly  derived  from  the  corresponding  guanin  derivative. 
Additional  light  upon  the  origin  of  epiguanin  has  been  gained  by 
the  observation  of  Fischer  (1898),  that  it  arises  from  an  adenin 
derivative  apparently  by  intramolecular  migration. 

The  natural  as  well  as  the  synthetic  base  is  precipitated  from 
concentrated  solution  of  its  salts  by  addition  of  ammonia  and  imme- 
diate cooling  as  whetstone-shaped  crystals.  Heated  rapidly  in  a 
capillary  it  begins  to  color  at  about  390°  and  later  chars  without 
melting.  The  1-7-dimethyl  guanin  melts  without  decomposition  at 
338°- 340°  (Fischer).  Similar  crystals  are  given  by  Balke’s 
episarkin,  which  in  many  other  respects  resembles  epiguanin.  Epi- 
sarkin,  however,  is  not  precipitated  by  picric  acid,  but  is  thrown 
down  by  mercuric  chlorid  and  by  ammoniacal  lead  acetate;  nor  does 
it  give  the  xanthin  reaction.  From  solutions  in  sodium  hydrate  it 
is  precipitated  by  acids  in  the  form  of  splendid,  matted  silky  prisms 
which  if  agitated  in  water  give  a peculiar  asbestos-like  appearance. 
The  whetstone-like  forms  on  recrystallization  from  water  yield  the 
prismatic  type. 

It  is  difficultly  soluble  in  hot  water  and  in  ammonia  ; almost  in- 
soluble in  alcohol  and  in  cold  water,  a fact  which  is  of  value  in  the 
isolation  of  the  base.  The  solubility  in  boiling  water  is  1 to  900 
(Fischer).  It  is  easily  soluble  in  dilute  alkali  and  in  hydrochloric 
and  sulphuric  acids,  difficultly  in  dilute  nitric  acid  from  which  the 
nitrate  separates  on  cooling  in  polyhedric  crystals.  The  sulphate 
forms  fine  bent  needles,  which  quickly  change  to  elongated  often 
six-sided  plates.  From  33  per  cent,  sodium  hydrate  solution  on 
cooling  it  crystallizes,  probably  as  a sodium  compound,  in  broad, 
glistening  pointed  needles.  Carbonic  acid  precipitates  the  free  base 
from  its  solution  in  dilute  alkali  (Fischer). 

The  picrate,  CfiH  N50.C6H2(N02)30H,  is  difficultly  soluble  in 
water  and  is  useful  for  the  identification  of  epiguanin.  It  forms  a 
voluminous  precipitate  which  consists  of  anhydrous,  peculiarly  bent 
prisms  arranged  in  fan-like  bundles,  or  of  rhombic  or  six-sided 
plates.  At  18°  it  is  soluble  in  2708-2732  parts  of  water  (Kruger 
and  Salomon);  at  16°  it  is  1 to  3049.  It  begins  to  sinter  at  about 
253°  and  decomposes  suddenly  with  evolution  of  gas  at  257°. 
From  a slightly  alkaline,  warmed  solution  of  the  picrate  the  free 
base  is  precipitated  at  once  upon  the  addition  of  ammonium  chlorid. 

The  platinochlorid  crystallizes  from  concentrated  solution  in  long 
glistening,  six-sided  orange-colored  prisms  which  on  warming  with 
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the  mother-liquor  change,  like  the  sulphate,  to  a different  form 
(Fischer).  Gold  chlorid  yields  a precipitate  of  fine  yellow  needles 
which,  if  dissolved  in  warm  water  and  the  solution  allowed  to 
evaporate  slowly  in  the  cold,  form  macroscopic,  glistening,  polyhedric 
crystals. 

Potassium  bichromate  when  added  to  a solution  of  the  chlorid 
yields  in  a short  time  fine,  glistening,  four-sided  yellow  prisms. 

With  silver  nitrate  and  ammonia  the  aqueous  solution  of  the  base 
gives  a gelatinous  precipitate.  Silver  nitrate  added  to  the  nitric 
acid  solution  of  the  base  gives  a colorless  amorphous  precipitate 
which  when  recrystallized  from  hot  dilute  acid  forms  fine  needles 
(Fischer),  Copper  sulphate  and  sodium  bisulphite  in  the  cold  like- 
wise produce  a gelatinous  precipitate,  which  in  warm  solutions  how- 
ever is  flocculent.  Copper  sulphate  and  sodium  thiosulphate  pro- 
duce in  warm  solutions  a flocculent  white  precipitate  which  later 
turns  to  brown. 

While  mercuric  chlorid  produces  in  solutions  of  adenin  and  of 
hypoxanthin  (0.1  to  500)  an  immediate  flocculent  precipitate,  with 
epiguanin  a considerable  excess  of  the  reagent  is  necessary  and  then 
only  a cloudiness  results. 

An  aqueous  solution  of  the  base  is  not  thrown  down  by  lead 
acetate,  neutral  or  basic  ; nor  by  lead  acetate  and  ammonia  in  which 
respect  it  behaves  like  adenin  whereas  hypoxanthin  is  completely 
precipitated  by  this  reagent  as  a heavy,  flocculent  or  gelatinous  pre- 
cipitate. As  Kruger  and  Salomon  point  out  an  ammoniacal  solution 
of  lead  acetate  may  by  itself  on  standing  give  a deposit  which  should 
not  be  mistaken  for  a precipitate  of  the  base. 

On  evaporation  with  concentrated  nitric  acid  it  leaves  a yellow 
residue  which  with  sodium  hydrate  becomes  orange-red ; on  heating 
this  becomes  darker  and  even  slightly  violet  (xanthin  reaction). 
Evaporated  with  hydrochloric  acid  and  a chlorate  it  gives  a white 
residue  which  with  ammonia  vapors  become  violet  red  (murexid  test). 

With  nitrous  acid  it  readily  yields  heteroxanthin  (7-methyl  xan- 
thin), and  on  cleavage  with  chlorin  it  gives  guanidin  (Fischer  ‘). 

Xanthin,  C5H4N402,  was  discovered  by  Marcet  in  1817  in  a 
urinary  calculus  and  since  then  it  has  been  frequently  found  as  the 
only  or  chief  constituent  of  many  calculi.  It  was  not  synthesized 
until  1897  when  Fischer*  prepared  it  in  two  ways  from  tri-chlor- 
purin.  In  1900  Traube1 2 3  prepared  it,  as  well  as  guanin,  uric  acid 
and  the  methyl  xanthins,  from  urea  and  cyanacetic  acid. 

Although  obviously  present  in  the  urine  it  was  not  isolated  there- 
from until  very  recently.  It  is  a normal  constituent  but  is  present 


1 Berichtc,  30,  2413. 

2 Berichk,  30.  2232;  31,  2562. 

3 Berichte,  33,  1371,  3035. 


XANTHIN. 


389 


only  in  extremely  minute  quantities.  Thus,  from  10,000  liters  of 
urine,  Kruger  and  Salomon1  obtained  10.11  g.  of  xanthin,  22.35  g. 
of  heteroxanthin,  31.29  g.  of  1-methyl  xanthin,  15.31  g.  of  para- 
xanthin,  8.50  g.  of  hypoxanthin,  3.54  g.  of  adenin  and  3.40  g.  of 
epiguanin.  It  is  evident  from  this  that  xanthin  and  its  methyl 
derivatives  make  up  the  greater  part  of  the  purin  bases  found  in  the 
urine.  Hitherto  these  urinary  bases  have  been  considered  as  meta- 
bolic products  of  the  nuclein  of  the  tissues  but  recent  investigations 
have  demonstrated  that  there  is  another  and  indeed  principal  source 
for  xanthin  and  its  derivatives.  It  is  now  known  that  caffein  and 
theobromin  undergo  cleavage  in  the  body  and  yield  the  less  methyl- 
ated xanthins.  With  the  fact  in  mind  that  a large  part  of  the  purin 
bases  in  the  urine  are  not  derived  from  the  nuclein  of  the  tissues  but 
owe  their  origin  to  more  complex  bases  in  the  food  it  is  evident  that 
the  determination  of  the  ratio  of  the  nitrogen  of  uric  acid  to  that  of 
the  purin  bases  is  no  criterion  of  cellular  metabolism  unless  the 
presence  of  these  bases  in  the  food  is  first  eliminated. 

During  the  use  of  sulphur  baths,  or  after  the  thorough  applica- 
tion of  sulphur  salves,  the  quantity  of  xanthin  in  the  urine  is  said  to 
be  considerably  increased.  It  is  likewise  more  abundant  in  the 
urine  of  leukemic  patients,  for  the  reasons  already  given  on  p.  348. 
In  small  amounts  of  leukemic  urine  (two  cases)  Salomon,  however, 
was  not  able  to  detect  it  by  means  of  the  sodium  reaction.  It  was 
found  in  one  out  of  four  pneumonic  urines  ; and  in  two  out  of  ten 
normal  urines  from  which  at  times  it  may  be  wholly  absent. 
Baginsky  holds  that  the  amount  of  xanthin  normally  present  in  the 
urine  may  be  increased  tenfold  in  the  case  of  acute  nephritis. 
Bence  Jones  observed  in  the  urine  of  a child  sick  with  renal  colic  a 
deposit  of  crystals  which  he  considered  to  be  xanthin,  but  other 
observers  are  inclined  to  regard  the  crystals  as  those  of  hypo- 
xanthin. Vaughan  has  reported  the  presence  of  xanthin  in  deposits 
from  the  urine  of  patients  with  enlarged  spleen. 

Xanthin,  like  the  preceding  three  bases,  is  widely  distributed  in 
animal  tissues  and  in  plants.  In  muscle  and  in  the  pancreas  it  was 
first  detected  by  Scherer  (1859)  and  since  then  it  has  been  obtained, 
though  often  in  mere  traces,  from  all  nucleated  tissues.  Thus,  ac- 
cording to  Schindler,  in  the  thymus  gland  and  in  the  spermatozoa  of 
the  carp  there  are  but  very  small  amounts,  if  any,  of  xanthin, 
whereas  the  sarkin  bases,  especially  adenin,  are  present  in  abundance. 
This  observation  has  been  confirmed  by  Inoko.  The  xanthin  bases 
(xanthin  and  guanin)  are  obtained  in  variable  but  greater  amount 
than  the  sarkin  bases  (adenin  and  hypoxanthin)  from  the  pancreas 
and  from  spermatozoa  of  the  bull,  boar  and  salmon.  The  bases  rich 
in  oxygen,  as  hypoxanthin  and  xanthin,  are  more  abundant  (2  to  1) 
than  those  rich  in  nitrogen  (adenin  and  guanin,  Inoko).  Inoko 

1 Zeits.  f.  physiol.  Chan.,  26,  367,  1898. 
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found  in  the  semen  of  bull  the  four  bases,  adenin,  guanin,  xanthin, 
and  hypoxanthin.  In  the  nucleinic  acid  from  bull’s  testicles  6.039 
per  cent,  of  xanthin  was  found  ; guanin  was  absent.  The  amount 
of  hypoxanthin  was  also  large,  1.96  per  cent,  against  0.736  per 
cent,  of  adenin.  Drechsel  isolated  xanthin  and  cystin  from  the 
liver  of  the  horse.  Unger  and  Phipson  have  extracted  it  from 
guano. 

From  fresh  adrenals  Okerblom  obtained  less  xanthin  than  when 
these  were  digested  for  two  days  at  37°  in  the  presence  of  chloro- 
form. In  the  latter  case  chiefly  xanthin,  some  1-methyl  xanthin 
and  hypoxanthin  and  traces  of  epiguanin  and  adenin  were  found.  On 
the  other  hand  in  auto-digested  pancreas  and  yeast  Kutscher  found 
only  traces  of  xanthin  and  hypoxanthin  (p.  348)  although  Schiitzen- 
berger  found  both  of  these  bases  and  also  carnin.  Salomon  found  it 
among  the  products  of  the  pancreatic  digestion  of  fibrin  but  it  is 
clear  that  the  latter  must  have  contained  an  admixture  of  nuclein 
(p.  368). 

Together  with  hypoxanthin,  guanin,  and  possibly  adenin,  it  occurs 
in  many  plants,  among  which  may  be  mentioned  lupine,  sethalium, 
sprouts  of  malt  (Salomon,  Balke),  tea-leaves  (Baginsky),  gourd  seeds, 
soja  beans,  etc.,  in  sprouts  of  Cicer  arietinum  (Belsung).  Xanthin 
bases  are  found  in  sprouts  of  lupine  and  of  the  gourd  ; with  hypo- 
xanthin and  guanin  it  occurs  in  the  fir,  Pinus  sylvestris.  Its  pres- 
ence in  auto-digested  yeast  has  already  been  referred  to.  As  pointed 
out  above  the  presence  of  xanthin  and  its  derivatives  in  food,  espe- 
cially in  colfee,  tea,  cocoa,  constitutes  the  chief  source  of  xanthin  and 
of  the  allied  bases  in  the  urine. 

Xanthin  on  electrolytic  reduction  yields  desoxyxanthin,  CsHg 
N40  (Tafel  and  Ach,  1901). 

It  was  held  by  Strecker  that  xanthin  may  be  obtained  by  reduc- 
tion of  uric  acid  with  sodium  amalgam  according  to  the  equation  : 

C.H.N.O,  + H,  = C5H,N,0,  + H,0. 

Uric  Acid.  Xanthin. 

This  view,  however,  was  not  confirmed  by  Fischer  (p.  336).  More 
recently  Sundwik  claims  to  have  effected  the  reduction  of  uric  acid 
to  xanthin  and  to  hypoxanthin  (p.  337).  The  reverse  operation, 
the  conversion  of  hypoxanthin  into  xanthin,  likewise  reported  by 
Strecker,  has  not  been  confirmed  by  Fischer  or  by  Kossel.  It  is, 
therefore,  evident  that  while  these  bodies  apparently  form  a contin- 
uous oxidation  series  with  uric  acid  as  the  final  product,  and 
although  this  change  undoubtedly  goes  on  in  the  animal  economy, 
yet  all  attempts  to  reproduce  it  in  the  laboratory  by  oxidation  with 
potassium  permanganate  or  with  nitric  acid  have  yielded  only  nega- 
tive results.  Nevertheless,  in  a more  indirect  way  it  is  possible  to 
convert  uric  acid  into  the  purin  bases  and  vice  versa.  This  was 
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demonstrated  in  1895  when  Fischer  effected  the  synthesis  of  caffein 
(trimethyl  xanthin)  from  dimethyl  uric  acid  ; also,  the  conversion  of 
theobromin  into  the  same  uric  acid  derivative. 

Xanthin  can  be  obtained  most  conveniently  by  the  action  of 
nitrous  acid  on  guanin.  The  change  may  be  represented  by  this 
equation  : 

CjIIjNjO  + HN02  - C5H4N402  + N2  + H20. 

Guanin.  Xanthin. 

This  reaction,  first  described  by  Strecker  (1858),  and  later  by 
Fischer,1  corresponds  exactly  to  the  one  by  which  Kossel  transformed 
adenin  into  hypoxanthin  (see  page  353). 

By  putrefaction  guanin  is  also  changed  into  xanthin,  probably  be- 
cause of  the  action  of  the  nitrous  acid  elaborated  by  bacteria  (p.  367). 

Gautier,  starting  out  on  the  hypothesis  that  xanthin  is  a polymeri- 
zation product  of  hydrocyanic  acid,  endeavored  to  prepare  it  directly 
from  this  compound.  Indeed,  he  claimed  to  have  succeeded  in 
effecting  the  synthesis  of  not  only  xanthin,  but  also  of  its  homo- 
logue,  by  simply  heating  hydrocyanic  acid  in  a sealed  tube  with 
water  and  a little  acetic  acid,  the  latter  being  added  to  neutralize 
any  ammonia  that  might  form.  He  expressed  the  reaction  as  fol- 
lows  * 

11HCN  + 4H20  = C5H4N402  + C6H6N402  + 3NHS . 

Xanthin.  Methyl  Xanthin. 

Fischer2  on  repeating  this  experiment  failed  to  obtain  xanthin  and 
since  then  Gautier  has  not  demonstrated  the  correctness  of  his 
former  view. 

Xanthin  is  a white,  granular,  amorphous  body,  and  is  deposited 
from  hot  aqueous  solution  on  cooling  in  colorless  floccules,  or  as  a 
fine  powder,  which  under  the  microscope  is  seen  to  consist  of  rounded 
granules.  According  to  Horbaczewski3  it  can  be  easily  obtained  in 
the  crystalline  form  by  adding  acetic  acid  to  an  alkaline  solution  of 
the  base  after  previously  diluting  with  hot  water  till  the  solution  is 
about  1 to  2000.  The  clear  liquid,  filtered  if  necessary,  yields  in  a 
few  days  a deposit  upon  the  sides  and  bottom  of  the  dish  of  groups 
of  crystals.  These  are  thin,  large,  glistening,  rhombic  plates.  If  the 
material  is  impure  leucin-like  balls  or  whetstone-shaped  crystals 
may  form.  The  crystals  contain  one  molecule  of  water,  which  is 
not  lost  at  110°,  but  is  given  off  at  125°- 130°.  The  synthetic 
xanthin  forms  a colorless  crystalline  powder  (Fischer). 

When  occurring  in  calculi,  it  forms  compact,  moderately  hard  yel- 
low, or  brown  fragments  which  on  being  rubbed  with  the  finger- 
nail, assume  a wax-like  appearance ; when  isolated  from  the  urine 

1 Ann.  d.  Chem .,  215,  309. 

2 Berichle,  30,  3131 ; 31,  449. 

3 Zed.  physiol.  Chan.,  23,  226  (1897). 
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it  is  yellowish,  and  even  when  prepared  from  guanin  it  is  still  col- 
ored. The  decoloration  can  be  effected,  according  to  Balke,  by  con- 
verting the  xanthin  into  the  mono-sodium  compound  which  can  be 
recrystallized  and  then  decomposed  with  acetic  acid.  The  base  is 
thus  obtained  in  snow-white  floccules. 

It  is  difficultly  soluble  in  cold  water  (about  14,000  parts),  alco- 
hol, and  ether;  somewhat  more  soluble  in  boiling  water  (about  1,200 
parts).  It  is  soluble  in  alkalis  and  alkali  carbonates,  not  bicarbon- 
ates, and  from  these  solutions  it  is  precipitated  on  neutralization 
with  acids,  or  by  passing  carbonic  acid.  In  warm  ammonia  it  dis- 
solves more  readily  than  does  uric  acid  or  guanin,  and  on  cooling  the 
ammonium  compound  recrystallizes.  The  solubility  in  cold,  even 
strongly  acid  solutions,  is  very  slight  (Wulff).  It  acts  as  a weak 
base  and  as  a weak  acid  ; with  salts  of  the  heavy  metals  it  forms 
difficultly  soluble  or  insoluble  compounds.  Its  basic  properties, 
however,  are  weaker  than  those  of  hypoxanthin  or  guanin. 

When  xanthin  is  evaporated  with  nitric  acid  it  leaves  a lemon- 
yellow  residue  (hence  its  name),  which  is  not  changed  by  ammonium 
hydrate — distinction  from  uric  acid — but  with  potassium  hydrate  be- 
comes yellowish-red,  on  heating  purple-red.  This,  the  so-called  xan- 
thin reaction,  is  not  given  by  hypoxanthin  or  by  adenin.  On  the 
other  hand,  when  evaporated  with  chlorin  water,  or  with  hydro- 
chloric acid  and  a chlorate,  it  yields  a residue  which  with  ammonia 
gives  the  murexid  test  (Fischer,1  Kossel). 

When  added  to  a mixture  of  bleaching  powder  and  sodium  hydrate 
in  a watch-glass  the  solution  becomes  covered  by  a dark-green  scum, 
which  changes  to  a brown,  and  soon  disappears — distinction  from 
hypoxanthin. 

On  heating  xanthin  a small  portion  volatilizes ; the  greater  part 
decomposes  into  ammonium  carbonate,  cyanogen,  and  hydrocyanic 
acid.  Heated  at  200°  with  hydrochloric  acid,  it  decomposes  with 
the  formation  of  ammonia,  carbonic  acid,  formic  acid,  and  glycocoll 
(E.  Schmidt,  see  p.  342).  When  bromin  is  allowed  to  act  on 
xanthin,  there  is  formed  a substitution  compound,  having  the  for- 
mula CsH3BrN402.  It  may  also  be  obtained  by  the  action  of  nitrous 
acid  on  bromguanin  (p.  383).  Brom-xanthin  is  easily  prepared  and 
cap  be  readily  changed  to  brom-caffein  which  in  turn  can  be  con- 
verted into  ethoxy-  and  hydroxy-caffein  or  into  caffein  itself. 
Obviously  this  is  a crucial  test  for  the  recognition  of  xanthin 
(Fischer).2  The  synthetic  chlor-xanthin  is  easily  converted  in  like 
manner.  With  potassium  chlorate  and  hydrochloric  acid  it  yields 
alloxan  and  urea  (p.  341). 

Xanthin  is  a weak  base,  which  dissolves  in  acids  with  the  forma- 
tion of  salts. 

The  hydrochlorid,  C5H4N402.HC1,  is  difficultly  soluble  in  water, 

1 Berichle,  30,  2236. 

2 BerichU,  31,  2563. 
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more  so  than  the  corresponding  salt  of  hypoxanthin,  and  is  deposited 
in  glistening  six-sided  plates,  often  forming  aggregations.  Its  solu- 
tion does  not  precipitate  platinum  chlorid.  The  nitrate  forms  fine 
yellow  crystals  which  when  pure  are  colorless. 

The  sulphate,  C5H4N402.H2S04  + H20,  crystallizes  in  microscopic, 
glistening,  rhombic  plates,  decomposable  by  water. 

With  baryta  water  xanthin  forms  the  difficultly  soluble  compound 
C5H4N402.Ba(0H)2,  which  corresponds  to  the  hypoxanthin  salt 
C5H4N4O.Ba(OH)2,  and  to  that  of  guanin. 

On  the  addition  of  a very  small  amount  of  sodium  hydrate  to 
xanthin  it  dissolves,  and  very  soon  small  white  needles  separate. 
The  crystals  dissolve  in  excess  of  alkali.  This  xanthin-sodium 
compound,  C6H3NaN402  + H2G,  is  also  obtained  by  passing  carbonic 
acid  into  an  alkaline  solution  of  xanthin.  It  forms  small  bunched 
needles,  which  are  rather  easily  soluble  in  water,  imparting  an 
alkaline  reaction.  On  the  addition  of  acetic  acid  the  pure  white  base 
is  thrown  down.  The  compound  is  partly  dissociated  by  hot  water, 
and  resembles  the  corresponding  primary  uric  acid  salts.  It  is 
probable  that  xanthin  can  form,  like  uric  acid,  a soluble  secondary 
salt,  since  with  excess  of  sodium  hydrate  it  forms  a readily  soluble 
compound  which  probably  contains  two  atoms  of  sodium.  For  the 
reactions  of  this  compound,  see  page  373.  (See  heteroxanthin  and 
paraxanthin.)  It  does  not  give  a mono-methyl  xanthin  by  heating 
with  methyl  iodid  (Balke).  The  water  of  crystallization  is  expelled 
only  at  190°- 200°. 

From  ammoniacal  solution  silver  nitrate  precipitates  the  colorless 
compound  CsH4N402.Ag20,  which  is  unaltered  by  short  boiling  and 
is  insoluble  in  ammonia,  but  soluble  in  hot  nitric  acid.  From  the 
nitric  acid  solution,  on  long  standing,  there  separates  the  compound 
C5II4N402.AgN03,  which,  on  contact  with  water,  decomposes,  giving 
off  nitric  acid.  The  ammoniacal  solution  is  also  precipitated  by 
lead  acetate — separation  from  hypoxanthin — also  by  calcium  and 
zinc  chlorids.  Cupric  acetate  gives  a precipitate  only  on  boiling. 
The  aqueous  solution  is  not  precipitated  by  lead  acetate,  but  is  by 
phosphomolybdic  and  phosphotungstic  acids,  by  mercurous  and  mer- 
curic salts.  Picric  acid  gives  an  easily  soluble  compound,  which  re- 
sembles that  of  hypoxanthin,  but  differs  from  that  of  guanin.  Xan- 
thin gives  with  a copper  solution  and  a reducing  substance  (Drechsel’s 
reaction,  see  page  353)  a milk-white  precipitate  which  eventually 
becomes  bluish-green  (Balke).  Since  xanthin  has  more  iniido  groups 
than  adenin  or  hypoxanthin  and  less  than  uric  acid,  it  is  probable 
that  the  solubility  of  the  copper  compound  will  be  between  the 
solubilities  of  the  corresponding  compounds  of  hypoxanthin  and 
uric  acid  ; that  is,  between  1 : 260,000  and  1 : 360,000,  the  solubili- 
ties respectively  in  hot  water.  The  copper  compound  of  uric  acid  is 
soluble  in  560,000  parts  of  cold  water  (Kruger). 


394 


CHEMISTRY  OF  THE  LEUCOMAINS. 


As  to  the  physiological  relation  of  xanthin  very  little  need  be 
said  (page  369).  It  bears  the  same  relation  to  guanin  that  hypo- 
xanthin  does  to  adenin,  and,  like  the  latter,  is  to  be  looked  npon  as 
an  intermediate  compound,  a step  lower  than  guanin,  and  nearer  the 
limit  of  oxidation — uric  acid.  It  is  quite  probable  that  in  the  body 
it  is  oxidized  about  as  rapidly  as  it  is  formed.  Like  hypoxantliin, 
it  is  to  be  regarded  as  a true  muscle  stimulant,  especially  of  the  heart 
(Baginsky).  According  to  Filehne,  it  produces  in  frogs  a decided 
muscular  rigor  and  paralysis  of  the  spinal  cord.  The  heart  muscle 
is  also  affected,  which  is  not  the  case  with  caffein  or  theobromin. 
The  fatal  dose  is  less  than  one-half  pro  mille.  In  its  action  it  is 
stronger  than  theobromin,  while  caffein  is  weaker  than  either  of  the 
two.  Paschkis  and  Pal  hold  that  the  reverse  is  true. 

As  pointed  out  on  p.  339  xanthin  may  form  three  mono-methyl  de- 
rivatives— 1-,  3-,  and  7-methyl  xanthins  ; likewise  three  di-methyl 
compounds,  namely,  theobromin,  theophyllin  and  paraxanthin  ; and 
one  tri-methyl  derivative,  which  is  caffein.  With  the  probable  ex- 
ception of  caffein,  all  of  these  methyl  xanthin  derivatives  appear  in 
the  urine,  where  they  are  to  be  looked  upon  not  as  cleavage  products 
of  tissue  nuclein,  but  rather  as  hydrolytic  bodies  derived  from  the 
caffein  and  other  higher  methyl  derivatives  present  in  the  food. 
For  the  existence  of  other  methyl  derivatives  see  page  340. 

1-Methyl  xanthin,  C6H8N402,  were  isolated  from  urine  in  1897 
by  Kriiger  and  Salomon.1  As  shown  on  page  389,  it  is  by  far  the 
most  abundant  of  the  purin  bases  in  urine.  Okerblom  has  also  ob- 
tained this  base  from  adrenals  (p.  390),  which  fact  demonstrates  that 
1-methyl  xanthin  may  be  derived  from  higher  homologues  of  xanthin 
contained  within  the  tissue  nuclein,  as  well  as  from  those  contained 
in  the  food.  As  shown  below  it  appears  in  rabbits’  urine  after  feed- 
ing with  paraxanthin.  The  constitution  of  this  base  cannot  be  said 
to  be  definitely  established.  The  conclusion  as  to  its  structure  was 
reached  by  comparison  with  the  3-  and  7-methyl  xanthins,  with 
neither  of  which  it  was  identical.  Hence  it  was  given  the  structure 
assigned.  The  base  has  not  been  synthesized. 

On  treatment  with  methyl  iodid  it  is  easily  changed  into  caffein 
aqd  into  theophyllin  (1 -3-di-methyl  xanthin)  which  can  be  identi- 
fied by  the  sodium  salt  which  is  rather  difficultly  soluble  in  ten  per 
cent,  sodium  hydrate  (Kriiger2). 

The  free  base  crystallizes  best  from  acetic  acid  forming  very  thin, 
superposed,  six-sided,  rarely  four-sided  rhombic  plates.  It  separates 
from  water  as  dull,  colorless  crystalline  powder  which  shows  rosette- 
like groups. 

It  is  difficultly  soluble  in  cold  water,  but  more  easily  than  xanthin. 

1 2kits.  physiol.  Chern.,  24,  380  ; 26,  367. 

* BeriehU,  33,  3665  (1900). 
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It  is  easily  soluble  in  ammonia  and  in  sodium  hydrate,  and  unlike 
heteroxanthin  it  forms  an  easily  soluble  sodium  compound.  The 
barium  salt  unlike  that  of  3-methyl  xanthin  is  very  soluble.  Unlike 
3-methyl  xanthin  it  is  easily  soluble  in  dilute  mineral  acids  and 
from  these  solutions  on  slow  evaporation  in  the  cold  the  correspond- 
ing salts  are  obtained. 

The  chlorid  forms  beautiful  glassy  rhombic  plates  or  prisms.  The 
nitrate  forms  long  four-sided  prisms  at  times  shortened  to  resemble 
six-sided  plates.  These  salts  like  those  of  xanthin  and  heteroxanthin, 
are  easily  dissociated  by  water. 

The  aurochlorid  forms  glistening  rhombic  prisms.  The  platinum 
double  salt  crystallizes  from  concentrated  solutions  in  stellate  need- 
les or  in  prisms. 

With  ammonia  and  silver  nitrate  it  gives  a gelatinous  precipitate. 
The  silver  nitrate  compound  crystallized  from  dilute  nitric  acid 
(1.1  sp.  g.)  forms,  like  xanthin,  fine  needles  grouped  in  rosettes. 
The  solubility  and  crystalline  form  is  such  that  the  two  bodies  can- 
not be  distinguished  and  as  pointed  out  by  Kriiger  and  Salomon  it 
is  probable  that  the  xanthin  as  heretofore  obtained  may  contain  an 
admixture  of  the  methyl  derivative.  Copper  sulphate  and  sodium 
bisulphite  produce  in  the  cold  a voluminous  precipitate,  and  in 
warm  solutions  a white  flocculent  deposit.  Copper  sulphate  and 
sodium  thiosulphate  precipitate  only  on  heating.  Mercuric  chlorid 
produces  a cloudiness  which  disappears  on  heating  ; but  on  the  addi- 
tion of  soda  a white  flocculent  precipitate  results. 

On  evaporation  with  concentrated  nitric  acid  it  gives  the  xanthin 
reaction.  With  concentrated  hydrochloric  acid  and  a chlorate  it 
gives  an  intense  murexid  test.  In  the  latter  test  the  addition  of 
sodium  hydrate  also  gives  a purple  red  color  which,  when  the  dish 
is  cool,  on  the  addition  of  a drop  or  two  of  water  turns  to  a splen- 
did bluish  violet.  The  latter  disappears  on  heating.  The  base 
yields  a bromin  derivative  which  is  no  longer  basic  and  is  difficultly 
soluble  in  water  and  in  dilute  acids  and  is  not  altered  at  295°.  It 
dissolves  easily  in  alkalis  and  in  ammonia.  The  sodium  salt  crys- 
tallizes in  six-sided  plates. 

When  paraxanthin  or  1-7 -di-methyl  xanthin  is  fed  to  rabbits  a 
part  appears  in  the  urine  unchanged  and  in  addition  1-methyl  xan- 
thin is  present  (Kruger  and  Schmidt1 ).  The  7-methyl  group"  there- 
fore is  split  off  in  the  rabbit  and  this  fact  supports  the  view  of  Kruger 
and  Salomon  that  this  base  in  man  is  derived  from  paraxanthin. 

3-methyl  xanthin,  Cj-HgN^O,,,  has  not  been  obtained  from  the 
urine  of  man  ; possibly  because  the  methyl  group  in  position  3 is 
easily  split  off  in  the  body.  However,  the  line  of  cleavage  depends 
largely  upon  the  species  of  animal.  It  was  first  found  in  the  urine 

1 Berichte , 32,  2680  (1899). 
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of  dogs  after  feeding  with  caffein  (Albanesi,1  Kruger 2).  Kruger  and 
Schmidt3  found  it  in  the  dog  and  rabbit  after  feeding  with  theo- 
bromin  (see  p.  406,  caffein). 

Before  its  discovery  in  urine  this  base  had  been  prepared  synthet- 
ically by  Fischer  and  Ach4out  of  3-methyl  uric  acid  in  the  same 
way  that  theophyllin  was  first  prepared  from  1-3  di-methyl  uric 
acid. 

The  free  base  is  readily  obtained  from  its  salts  which  are  dissoci- 
ated on  the  addition  of  water  or  by  addition  of  ammonia  and  evap- 
oration to  dryness.  It  forms  a crystalline  powder.  From  boiling 
water  it  crystallizes  in  fine  glistening  needles,  or  in  small  obliquely 
truncated  prisms.  From  solution  in  alkali  it  is  precipitated  by 
addition  of  acetic  acid. 

When  heated  it  turns  yellow  at  about  360°  and  at  higher  temper- 
ature it  gradually  decomposes  without  melting.  It  is  soluble  in  350 
parts  of  boiling  water  (1-200,  Albanesi),  at  18°  it  is  soluble  in  1,1 10 
parts  of  water  (Albanesi).  It  is  more  difficultly  soluble  in  absolute 
alcohol,  and  still  more  so  in  chloroform  and  in  acetic  ether.  It  is  very 
easily  soluble  in  dilute  alkalis  and  in  ammonia.  Concentrated  alkali 
precipitates  on  cooling  the  sodium  salt  in  the  form  of  very  fine  bent 
needles.  On  boiling  with  baryta  it  forms  a very  difficultly  soluble 
compound  (1  : 8,924)  which  crystallizes  in  very  thin,  glistening,  six- 
sided  plates.  This  fact  distinguishes  3-methyl  xanthin  from  1-methyl 
xanthin  just  as  the  solubility  of  the  sodium  salt  distinguishes  it  from 
7-methyl  xanthin. 

The  base  forms  with  mineral  acids  crystallizable  but  unstable 
salts.  The  chlorid  crystallizes  from  warm  acid  solution  in  fine 
needles.  The  iodid  forms  rather  coarse  prisms.  The  nitrate  sepa- 
rates from  warm  acid  solution  (1.16  sp.  g.)  as  coarse  irregular 
crystals,  and  because  of  its  difficult  solubility  it  can  be  used  for  the 
purification  of  the  base  (distinction  from  1-methyl  xanthin). 

On  the  addition  of  barium  chlorid  to  an  ammoniacal  solution  of 
the  base  a precipitate  forms  which  when  dry  dissolves  in  480  (516) 
parts  of  boiling  water  ; in  750  (862)  parts  of  water  at  18°. 

Silver  nitrate  added  to  a nitric  acid  solution  of  the  base  produces 
a crystalline  precipitate,  largely  consisting  of  needles  which  redis- 
solve on  heating  and  on  subsequent  slow  cooling  long,  thin  prisms 
form.  When  silver  nitrate  is  added  to  an  ammoniacal  solution  of 
the  base  it  yields  a white  amorphous  precipitate  which  is  not  altered 
by  heat.  The  base  is  thrown  down  by  copper  sulphate  and  sodium 
bisulphite. 

On  oxidation  with  chlorin  it  yields,  like  all  xanthins,  the  murexid 
test. 

1 Arch.  f.  exp.  Path.  u.  Pharm.,  35,  449  ; Berichte,  32,  2280. 

2 Berichte,  32,  2818  (1899). 

3 Berichte,  32,  2677. 

i Berichte,  31,  1980  (1898). 
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On  treatment  with  methyl  iodid  it  can  be  readily  converted  into 
theobromin  and  into  caffein.  Like  heteroxanthin  it  can  be  subjected 
to  electrolytic  reduction. 

According  to  Albanesi  it  is  more  diuretic  than  7-methyl  xanthin 
(heteroxanthin).  When  fed  to  rabbits  it  is  in  part  excreted  as  such 
and  is  unaccompanied  by  xanthin  (Kruger  and  Schmidt).  The 
greater  portion  is  probably  broken  up  into  products  simpler  than 
the  purins.  (See  also  p.  407.) 

Heteroxanthin  or  7-methyl  xanthin,  C6H6N402,  was  isolated 
from  urine  in  1884  by  Salomon,  and  again  in  1893  by  Balke.  The 
amount  present  constitutes  about  two-thirds  of  that  of  1 -methyl 
xanthin  (p.  389).  It  is  a remarkable  fact  that  this  base  occurs  in 
dog’s  urine  unaccompanied  by  paraxanthin,  and  the  same  seems  to 
hold  true  for  the  urine  of  leucocythsemic  persons.  Salomon  examined 
the  liver,  muscles,  and  kidneys  of  a dog,  but  was  unable  to  obtain  any 
heteroxanthin  or  paraxanthin,  and  the  total  amount  of  xanthin  bodies 
present  was  about  normal.  For  that  reason  he  inclined  to  the  belief 
that  these  two  bases  may  possibly  have  their  origin  in  the  kidney. 
A certain  amount  of  heteroxanthin  may  unquestionably  be  derived 
from  the  corresponding  guanin  derivative — epiguanin  (p.  386) ; and  its 
presence  in  normal  dog’s  urine  would  indicate  that  it  is  in  part  a 
product  of  the  metabolism  of  nuclein.  The  greater  part  of  the 
heteroxanthin  is  known,  however,  to  result  from  the  cleavage  of 
higher  homologues  present  in  the  food  such  as  caffein  and  theo- 
bromin (p.  406). 

Paraxanthin  and  heteroxanthin  are  not  present  in  the  urine  or 
kidneys  of  the  cow.  Salomon  found  this  base  in  the  urine  of  one  out 
of  two  leukaemic  patients ; in  one  with  splenic  tumor,  and  three 
times  out  of  ten  normal  urines.  The  amount  of  xanthin  bodies 
present  in  the  urine  is  unaffected  by  phosphorus  poisoning.  Unlike 
the  other  xanthin  bodies,  heteroxanthin  has  not  as  yet  been  isolated 
from  plants,  meat  extract,  or  guano.  Neither  it  or  paraxanthin 
have  been  found  in  bull’s  testicles  (Inoko). 

Heteroxanthin  has  been  prepared  synthetically  by  Fischer1  out  of 
theobromin.  With  phosphorus  oxychlorid  this  yields  a 7-methyl 
2-6-dichlorpurin  which  on  heating  with  concentrated  hydrochloric 
acid  gives  heteroxanthin.  With  slight  modification  the  same  method 
yields  paraxanthin,  7-methyl  hypoxanthin,  7-methyl  guanin,  and 
1-7-dimethyl  guanin.  A similar  transformation  of  theobromin  into 
heteroxanthin  occurs  in  the  animal  body,  the  methyl  group  in  posi- 
tion three  being  usually  least  firmly  held  in  place.  Heteroxanthin 
can  be  readily  methylated  to  theobromin  and  to  caffein. 

Heteroxanthin  forms  a white  amorphous  powder,  which  some- 
times on  prolonged  contact  with  water  forms  microscopic  crystalline 

1 Berichte,  30,  2400. 
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tufts.  Balke  also  described  a crystalline  modification.  The  syn- 
thetic base  forms  a colorless  indistinctly  crystalline  powder. 

It  is  very  difficultly  soluble  in  cold  water ; much  more  easily  in 
hot  water,  and  the  solution  thus  obtained  is  neutral  in  reaction. 
According  to  Fischer  the  solubility  in  boiling  water  is  1:142.  Bond- 
zynski  and  Gottlieb  tested  a heteroxanthin  which  undoubtedly  con- 
tained 3-methyl  xanthin  (p.  406)  and  found  it  to  be  more  soluble 
in  boiling  water  (1-109);  in  water  at  18°  the  solubility  was  1 to 
1,592.  It  was  more  difficultly  soluble  in  absolute  alcohol  and  was  in- 
soluble in  chloroform  and  in  ether.  It  is  easily  soluble  in  ammonium 
hydrate  and  like  uric  acid  dissolves  in  piperazin.  In  3.3  per  cent, 
sodium  hydrate  the  solubility  is  about  1 to  2,100  (Kruger  and  Salo- 
mon). 

When  slowly  heated  it  partially  melts  and  decomposes  at  341  °- 
342°  but  on  rapid  heating  it  begins  to  sinter  at  about  360°,  then 
colors  and  finally  melts  at  380°  with  evolution  of  gas  (Fischer). 

The  hydrochlorid  is  characterized  by  its  rather  difficult  solubil- 
ity and  ready  crystallization  (a  distinction  from  the  paraxanthin 
salt).  The  salt  forms  large  colorless  tufts  of  crystals,  which  on 
contact  with  water  soon  lose  their  transparency  and  become  opaque ; 
gradually  their  crystalline  form  disappears,  till  finally  they  com- 
pletely decompose  with  the  formation  of  heteroxanthin.  This  de- 
composition is  hastened  by  warming,  either  with  or  without  addition 
of  ammonia.  The  nitrate  is  more  difficultly  soluble  and  crystallizes 
from  ten  per  cent,  acid  in  bent  rhombic  plates.  Platinum  chlorid 
produces  in  the  hydrochloric  acid  solution  a precipitate  of  crystalline 
double  salt. 

On  evaporation  with  nitric  acid  on  the  water-bath  (xanthin  reac- 
tion) it  remains  as  a pure  white  residue,  which  on  contact  with  sodium 
hydrate  develops  only  a trace  of  reddish  coloration  or  none  at  all. 
Weidel’s  test,  with  concentrated  hydrochloric  acid  and  a chlorate 
(page  392)  produces  a splendid  red  color,  which  becomes  blue  on 
the  addition  of  sodium  hydrate.  Simple  evaporation  with  chlorin 
water  gives  a similar  though  not  so  strong  a color  reaction.  By 
electric  reduction  it  yields  desoxyheteroxanthin,  C6HgN40  (Tafel 
and  Weinschenk '). 

On  heating  with  concentrated  hydrochloric  acid,  or  with  dilute 
sulphuric  acid,  at  180°- 200°  it  decomposes  and  yields  sarko- 
syi  and  other  products,  according  to  the  equation  (Kruger  and  Salo- 
mon) : 

C6H6N402  + 5H20  = 2C02  + CO  + 3NH,  + 

‘ CH3.NH.CH2.COOH. 

On  treatment  with  methyl  iodid  it  yields  caffein. 

Silver  nitrate  produces  in  ammoniacal  as  well  as  in  nitric  acid 

1 Berichle,  33,3369. 
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solutions  a precipitate  which  readily  dissolves  on  warming  in  even 
very  dilute  nitric  acid  ; from  this  solution,  if  not  too  concentrated, 
the  heteroxanthin  silver  nitrate  compound  crystallizes  in  character- 
istic well  formed  plate-like  prismatic  crystals  which  are  often 
crossed.  They  are  soluble  in  about  2,800  parts  of  nitric  acid  of  1.1 
specific  gravity  (Kruger  and  Salomon).  Copper  acetate  produces  in 
the  cold,  in  solutions  of  heteroxanthin,  a clear  green  precipitate.  The 
base  is  also  precipitated  by  phosphotungstic  acid,  and  by  ammoniaeal 
basic  lead  acetate.  Picric  acid  does  not  give  a yellow-colored  pre- 
cipitate in  solutions  of  the  hydrochlorid. 

Mercuric  chlorid  readily  precipitates  heteroxanthin  in  the  form  of 
a grayish-yellow  compound,  which  on  standing  twelve  or  twenty-four 
hours  becomes  converted  into  pure  white  crystalline  aggregations. 
This  mercuric  compound  can  be  converted  directly  into  the  corre- 
sponding silver  compound  by  the  addition  of  silver  nitrate  and  am- 
monia, as  described  under  paraxanthin.  For  Drechsel’s  reaction 
with  copper,  see  page  353.  The  precipitate  that  forms  is  gelatinous, 
milk-white,  but  soon  turns  green,  as  in  the  case  of  guanin  and  xan- 
thin.  The  solubility  of  the  copper  compound  would  be  about  the 
same  as  adenin  and  hypoxanthin,  since  it  has  two  imido  groups. 
The  addition  of  barium  chlorid  to  an  ammoniaeal  solution  of  the 
base  gives  a gelatinous  precipitate  which  is  rather  soluble  in  hot 
water  and  recrystallizes  on  cooling  in  rosettes  or  balls,  (C6HsN402)2Ba. 

This  base  resembles  paraxanthin  in  its  property  of  yielding  a diffi- 
cultly soluble  precipitate  with  fixed  alkali.  This  reaction  is  best 
brought  about  by  dissolving  the  heteroxanthin  hydrochlorid  in  warm 
dilute  sodium  hydrate,  when,  on  cooling,  the  corresponding  sodium 
salt  will  crystallize  out  in  oblique-angled  plates  ; or  clear  long  prisms, 
(C6H5N402Na  -f  5H20),  Kruger  and  Salomon.1  Long-pointed  twin 
crystals  are  the  most  characteristic.  The  crystals  show  greater  vari- 
ations in  form  than  those  of  paraxanthin.  The  behavior  of  the 
twin  crystals  with  polarized  light  is  of  service  in  identification. 
These  crystals  dissolve  easily  in  water,  and  on  neutralization  of  the 
solution  with  an  acid  a dense  pulverulent  precipitate  of  heteroxanthin 
forms.  This  sodium  compound,  as  well  as  that  of  paraxanthin,  is 
permanent,  non-deliquescent ; on  moderate  heating  becomes  cloudy, 
and  melts  above  300°.  It  is  more  difficultly  soluble  in  water  than 
the  paraxanthin  compound  ; the  solution  has  an  alkaline  reaction.  It 
is  soluble  in  mineral  acids  and  ammonia ; the  latter  redeposits  it 
unchanged  on  evaporation.  On  neutralization  of  its  solution  with 
mineral  acids  or  with  lactic,  acetic  or  carbonic-  acids,  the  pure  base 
separates  out  as  amorphous  or  crystalloidal  roundish  or  rosette-like 
masses,  while  paraxanthin  under  the  same  conditions  forms  its  charac- 
teristic crystals.  The  sodium  is  also  removed  from  both  compounds 
by  borax,  potassium  bisulphate,  biphosphate  of  sodium,  bisulphite  of 

’ ZeiU.  physiol.  Chem.,  24,  370. 
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sodium  and  potassium  bicarbonate,  ammonium  bitartrate.  Ammo- 
nium chlorid,  nitrate,  sulphate,  carbonate,  oxalate,  tartrate,  are  trans- 
posed to  form  sodium  salts,  and  the  free  bases  are  thrown  down. 
Similar  decomposition  of  the  sodium  salts  of  the  two  bases  occurs 
when  placed  in  urine  or  in  meat  extract. 

For  illustrations  of  the  sodium  compounds  of  the  two  bases  see 
Virchow’s  Archives,  125,  556. 

The  potassium  compounds  of  heteroxanthin  and  paraxanthin  are 
well  crystallized  bodies,  of  high  melting-point,  and  are  more  soluble 
than  the  sodium  compound.  Their  decompositions  are  the  same  as 
those  of  the  sodium  salt. 

The  reaction  with  sodium  is  the  basis  for  Salomon’s  method  of 
recognition  of  these  bases  in  small  quantities  of  urine.  The  other 
two  mono-methyl  derivatives  form  soluble  sodium  compounds. 

It  can  thus  be  distinguished  from  paraxanthin,  the  sodium  com- 
pound of  which,  on  similar  treatment,  yields  the  characteristic  crys- 
talline form  of  the  free  base.  This  sodium  reaction,  therefore, 
distinguishes  it  at  once  from  xanthin,  hypoxanthin,  guanin,  and 
paraxanthin.  It  differs  from  the  latter,  as  has  already  been  indicated, 
in  the  solubility  and  amorphous  character  of  the  free  base  ; in  the 
behavior  of  the  hydrochlorid  and  the  sodium  compound,  and  in  not 
giving  a precipitate  with  picric  acid,  nor  the  characteristic  odor  given 
by  paraxanthin  on  heating. 

The  physiological  action  of  heteroxanthin  has  been  studied  by 
Kruger  and  Salomon  (1895).  Its  action  is  almost  the  same  as  that 
of  paraxanthin  (page  403),  indicating  a close  chemical  relation.  Its 
action,  however,  is  much  less  intense.  A dose  two  or  three  times 
greater  than  that  of  paraxanthin  must  be  injected  into  frogs  to  pro- 
duce the  same  symptoms.  It  has  a local  action  producing  early  con- 
traction and  rigor  of  the  muscles.  Its  general  action  is  seen  in  the 
gradual  or  rapid  paralysis  of  respiration,  according  to  the  dose ; in 
the  loss  of  motion  in  the  extremities,  and  in  the  decrease  of  re- 
flexes. It  is  not  as  marked  a diuretic  as  3-methyl  xanthin  (pages 
345,  397). 

Paraxanthin  or  1-7-dimethyl  xanthin  (p.  339),  C7HgjSr,02,  was 
first  isolated  from  urine  by  Thudichum  (1879),  who  named  it  uro- 
theobromin.  It  was  again  isolated  in  1883  by  Salomon,  who  has 
since  shown  it  to  be  a constituent  of  normal  urine,  although  present 
in  exceedingly  minute  quantity.  Thus  from  1,200  liters  of  urine 
only  1.2  grams  (0.0001  per  cent.)  of  this  substance  were  obtained. 
From  10,000  liters  of  urine  the  yield  w’as  only  15.31  g.,  or  less  than 
the  amount  of  heteroxanthin  (p.  389).  It  was  also  isolated  in  1893 
by  Balke. 

The  first  synthesis  of  paraxanthin  was  effected  by  Fischer,1  who 

' Berichte , 30  , 2408  ; 31,  2622. 
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succeeded  in  transforming  theobromin  into  this  base.  Later  with 
Clemrn  he  synthesized  it  direct  from  1.7-dimethyl  uric  acid,  which 
with  phosphorus  oxychlorid  yields  chlorparaxanthin. 

The  supposition  of  Fischer  that  paraxanthin  in  the  urine  was  de- 
rived from  caffein  in  the  same  way  that  heteroxanthin  results  from 
theobromin,  i.  e.,  by  the  splitting  off  of  the  methyl  group  in  position 
3 has  been  recently  confirmed.  When  caffein  is  fed  to  a dog  in  small 
doses  it  is  excreted  as  3-methyl  xanthin.  If,  however,  large  doses 
of  caffein  are  administered  some  of  the  base  passes  through  un- 
changed. In  addition  the  urine  contains  all  three  dimethyl  xanthins 
(paraxanthin,  theophyllin  and  theobromin)  and  also  3-methyl  xan- 
thin (Kriiger1).  In  view  of  this  fact  and  inasmuch  as  paraxanthin 
has  not  been  met  with  as  a direct  cleavage  product  of  nuclein  nor 
found  in  the  urine  of  dogs  or  of  leukemic  patients  it  is  evident  that 
this  base  when  present  in  the  urine  owes  its  origin  to  the  caffein  con- 
tained in  coffee  or  tea. 

Paraxanthin  is  obtained  in  colorless,  glassy,  generally  six-sided 
plates  which  are  arranged  in  tufts  or  rosettes.  From  very  concen- 
trated aqueous  solutions  it  crystallizes  in  long,  colorless,  interwoven 
needles  which  on  drying  exhibit  the  silky  luster  of  tyrosin.  The 
crystals  belong  to  the  monoclinic  system,  and  may  crystallize  with, 
as  well  as  without,  water  (Salomon2). 

If  water  is  present,  on  careful  heating  (110°)  the  crystals  lose 
their  brilliancy  and  become  whitish  and  opaque,  and  at  120°— 130° 
the  water  is  completely  driven  off.  The  conditions  under  which 
crystals  containing  water  are  formed  are  not  known,  probably  by 
slow  crystallization,  whereas  rapid  crystallization  from  hot  concen- 
trated solution  yields  the  anhydrous  needles.  At  about  170°— 180° 
sublimation  takes  place.  The  melting-point  is  at  about  284°  (Kossel), 
295°—  296°  (Fischer).  Theophyllin  melts  at  264°,  while  theobromin 
sublimes  without  melting,  and  caffein  melts  at  232°- 233°.  It  can 
be  heated  to  250°  without  melting  or  suffering  any  decomposition, 
but  when  heated  more  strongly  it  gives  off  white  vapors  which 
possess  a distinct  iso-nitril  odor  ; at  the  same  time  it  carbonizes  and 
takes  fire.  When  evaporated  with  concentrated  nitric  acid,  as  in  the 
ordinary  xanthin  test,  it  gives  only  a slight  yellow  residue.  On  the 
other  hand  when  evaporated  with  chlorin  water  or  with  an  acid  and 
a chlorate  the  dry  residue  on  exposure  to  an  ammoniacal  atmosphere 
under  a bell-jar,  gives  a beautiful  rose-red  color  (so-called  Weidel’s 
test). 

It  is  difficultly  soluble  in  cold  water  (though  more  easily  than 
xanthin) ; somewhat  more  readily  soluble  in  hot  water  (24  parts, 
Fischer) ; insoluble  in  ether  and  alcohol.  It  is  soluble  in  ammonium 


1 Berichte,  32,  2818. 

*Virchou? s Archives,  125,554;  Berichte,  16,195;  18,  3406;  Zeits.  physiol.  Chem., 
11,  415 ; 13,  187. 
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hydrate,  hydrochloric  acid,  and  nitric  acid.  Its  solutions  are  neu- 
tral in  reaction. 

Silver  nitrate  produces  in  nitric  acid,  as  well  as  in  aramoniacal 
solutions,  a flocculent  or  gelatinous  precipitate,  which  in  concen- 
trated solutions  forms  an  almost  perfect  jelly-like  mass.  This  silver 
precipitate  is  soluble  in  warm  nitric  acid,  from  which  on  cooling  it 
separates  in  white  crystalline  tufts  possessing  a silky  luster.  On 
decomposition  with  hydrogen  sulphid  the  silver  salt  yields  pure 
paraxanthin.  Picric  acid  produces  in  the  hydrochloric  acid  solution 
a precipitate  consisting  of  densely  felted  yellow  crystalline  spangles. 
It  is  also  precipitated  by  phosphotungstic  acid  and  copper  acetate ; 
mercuric  chlorid  when  added  in  excess  gives  after  some  time  a pre- 
cipitate composed  of  a mass  of  colorless  prisms,  which  are  rather 
difficultly  soluble  in  water;  easily  in  hot  water.  The  crystals  of 
paraxanthin  mercuric  chlorid  when  moderately  heated  become 
opaque  from  loss  of  water  of  crystallization  ; at  a higher  temperature 
they  melt,  undergoing  at  the  same  time  partial  decomposition,  and 
on  strong  heating  they  evolve  disagreeable  nauseating  vapors.  The 
aqueous  solution  of  this  mercuric  double  salt  gives  with  silver  nitrate 
an  abundant  precipitate  of  silver  chlorid,  which  disappears  on  the 
addition  of  ammonium  hydrate,  and  is  replaced  by  the  flocculent 
gelatinous  precipitate  of  silver  paraxanthin.  The  hydrochloric  acid 
solution  of  paraxanthin  crystallizes  with  difficulty  even  when  strongly 
concentrated,  and  on  the  addition  of  platinum  chlorid  it  yields  a 
well  crystallizable  orange-colored  paraxanthin  platinochlorid.  It  is 
not  precipitated  by  basic  lead  acetate  nor  by  mercuric  nitrate. 
Copper  solutions,  in  the  presence  of  reducing  substances,  give  a 
flocculent  milk-white  precipitate,  which  on  washing  turns  greenish 
by  oxidation  (Balke,  p.  353).  Picric  acid  gives  a yellow  precipi- 
tate in  a hydrochloric  acid  solution  of  the  base. 

Like  heteroxanthin  it  yields  a characteristic  difficultly  soluble 
sodium  salt  which  can  be  made  use  of  for  purpose  of  identification 
and  separation.  The  sodium  salt  has  the  formula  C7H?N402Na 
4-  4H20.  It  forms,  upon  the  addition  of  sodium  hydrate  to  a con- 
centrated solution  of  the  base,  a precipitate  of  long,  glittering,  crys- 
talline spangles  which  under  the  microscope  are  seen  to  consist  of 
delicate  rectangular,  often  longitudinally  striated  plates  which  are 
isolated  or  united  in  tufts.  The  plates  show  double  refraction.  Be- 
sides these  crystals  there  are  also  present  hexagonal  plates  resembling 
cystin.  The  crystals  are  soluble  in  a little  water,  or  on  warming, 
but  precipitate  again  on  cooling.  Paraxanthin,  although  it  shares 
with  heteroxanthin  the  property  of  forming  a difficultly  soluble 
compound  with  fixed  alkalis,  however  can  be  distinguished  from  the 
latter  by  neutralizing  with  an  acid  the  solution  of  the  sodium  or 
potassium  compound,  when,  in  the  case  of  paraxanthin,  there  will 
be  obtained  a precipitate  of  the  characteristic  crystals  of  that  base ; 
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whereas  heteroxanthin  on  similar  treatment  gives  a dense  pulveru- 
lent precipitate.  This  reaction  is  not  given  by  theophyllin. 

Like  the  other  xanthin  derivatives  on  treatment  with  methyl 
iodid  it  yields  caffein. 

The  physiological  actionof  paraxanthin  has  been  studied  by  Salomon 
and  by  Schmiedeberg.  Injections  into  the  muscles  of  1-2  mg.  pro- 
duced almost  at  once  a rigor  mortis-like  condition  of  the  muscles  af- 
fected, with  diminished  reflex  excitability  without  previous  increase; 
6-8  mg.  introduced  into  the  lymph  sac  bring  on  a gradual  loss  of  volun- 
tary motion  as  well  as  of  reflex  excitability  ; the  rigor  is  more  marked 
in  the  anterior  extremities,  which  have  a wooden  or  waxy  consistency. 
Dyspnoea  is  likewise  an  early  symptom,  but  as  soon  as  rigor  sets  in 
the  respirations  drop  far  below  the  normal  and  may  be  absent  for 
several  minutes.  At  times  the  lungs  are  enormously  dilated,  same 
as  with  theobromin.  The  heart’s  action  is  intact  till  the  very  last. 
In  mice  the  reflexes  are  increased  almost  to  a tetanus.  An  injection 
of  0.2  g.  in  a 500  g.  guinea-pig  produced  convulsions  and  death  in 
half  an  hour.  The  same  dose  introduced  into  the  vein  of  a rabbit 
had  no  effect.  The  lethal  dose  for  frogs,  subcutaneously,  was  found 
to  be  0.15-0.2  per  cent,  of  the  body-weight — somewhat  lower  than 
that  of  theobromin  and  xanthin.  The  action  of  these  three  bases  is 
very  similar.  They  produce  in  common  the  slow  creeping  move- 
ments, followed  by  cessation  of  spontaneous  muscle  action,  complete 
loss  of  reflex  excitability  without  a previous  rise.  The  heart’s  action 
is  not  affected  till  in  the  latest  stages. 

Kriiger  and  Schmidt1  found  that  paraxanthin  when  fed  to  rabbits 
was  excreted  in  part  as  such  and  in  part  as  1-methyl  xanthin. 
From  this  and  similar  experiments  wfith  theobromin  and  caffein  it 
would  seem  that  at  least  in  the  bodies  of  rabbits  the  methyl  group  in 
position  3 is  most  easily  split  off,  the  7-methyl  group  next  and  lastly 
that  in  position  1.  When,  however,  3-methyl  xanthin  is  fed  to 
rabbits  it  is  in  part  excreted  as  such  but  this  may  be  due  to  the 
rather  large  doses  administered.  For  the  studies  of  Schmiedeberg 
see  page  345. 

According  to  Rachford 2 the  xanthin  bodies  are  important  factors 
in  the  causation  of  migraine.  From  the  urine  passed  immediately 
after  an  attack  of  this  disease  he  obtained  an  extract  which  he 
believed  to  contain  relatively  large  quantities  of  paraxanthin,  and  he 
ascribed  the  marked  toxicity  of  such  extracts  to  this  base.  Pfaff, 
however,  failed  to  find  any  increase  of  paraxanthin  and  interpreted 
the  toxicity  of  the  extracts  as  due  to  the  presence  of  ammonium  salts 
resulting  from  the  method  employed.  Our  present  knowledge  regard- 
ing the  origin  of  this  base  may  be  considered  as  definitely  elimiting 
paraxanthin  as  a possible  etiological  factor. 

'Berichte,  32,  2077. 

2 Trans.  Assoc.  Amer.  Physicians,  10,  11,  14,  224  (1899). 
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Theophyllin  or  1-3-di-methyl  xanthin  (p.  339),  C7H8N402 , was 
isolated  in  1888  by  Kossel 1 * from  the  alcoholic  extract  of  tea  leaves. 
It  has  not  been  met  with  as  a product  of  nuclein  metabolism  in  the 
body  nor  even  as  a cleavage  product.  According  to  Albanesi  a di- 
methyl xanthin,  presumably  theophyllin,  was  present  in  his  urine 
after  taking  caffein.  This,  however,  has  been  doubted  by  Kruger.1 
Nevertheless,  that  theophyllin  may  be  present  in  the  urine  is  shown 
from  Kruger’s  own  experiments  with  caffein  on  dogs  (p.  406). 
When  large  doses  were  administered  all  three  di-methyl  xanthins 
were  present  in  the  urine  and  of  these  theophyllin  was  the  most 
abundant.  It  would  seem  therefore  that  iu  the  dog,  at  least,  caffein 
undergoes  cleavage,  yielding  as  the  chief  di-methyl  xanthin,  theo- 
phyllin, and  on  further  cleavage  this  yields  3-methyl  xanthin.  In 
other  words  the  methyl  group  in  position  7 is  the  first  to  be  split  off 
and  that  in  position  1 follows  next.  The  large  amounts  of  1-  and 
7-methyl  xanthins  in  the  urine  of  man  would  indicate  that  in  the 
human  body  the  cleavage  is  different  in  kind  from  that  in  the  dog 
and  is  more  nearly  like  that  in  rabbits. 

Theophyllin  was  the  first  xanthin  derivative  synthesized  by 
Fischer  and  Ach.3  1.3-di-methyl  uric  acid  with  phosphorus  oxy- 
chlorid  yields  chlor-theophyllin  which  on  reduction  yields  the  base 
(p.  337).  Traube 4 prepared  theophyllin  as  well  as  the  above  uric 
acid  out  of  di-methyl  urea  and  cyanacetic  acid.  With  methyl  iodid 
it  yields  caffein. 

In  tea  extract  the  base  is  associated  with  caffein,  xanthin,  adenin 
and  hypoxanthin.  Further  investigations  are  necessary  to  determine 
whether  the  other  di-methyl  xanthins  and  the  mono-methyl  xanthins 
are  present  in  the  extract.  The  origin  of  these  xanthin  derivatives 
in  the  tea-plant  is  likewise  involved  in  obscurity.  They  may  be 
regarded  as  direct  synthetic  products  or  as  cleavage  forms  from 
nuclein. 

Inasmuch  as  theophyllin  cannot  be  regarded  as  a product  of  tissue 
metabolism  a detailed  description  of  its  properties  in  this  connection 
is  unnecessary.  The  reader  is  therefore  referred  to  Kossel’s  original 
paper. 

Theobromin  or  3-7-di-methyl  xanthin  (p.  336),  C7HaNp2 , was 
isolated  from  cocoa  in  1842  by  Woskresensky,  but  its  structure  was 
not  determined  until  1883.  It  has  been  found  only  once  in  urine, 
and  then  in  the  case  of  a dog  after  administration  of  caffein  in  large 
doses  (p.  406).  The  amount  of  theobromin  was  about  the  same 
as  that  of  paraxanthin  and  was  much  less  than  that  of  theophyllin. 

1 Zeits.  physiol.  Chem.,  13,  298. 

* Berichte,  32,  2819,  2280. 

3 Berichte,  28,  3135. 

4 Berichte,  33,  3052. 
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Obviously  theobromin  may  be  expected  under  like  conditions  in 
human  urine. 

The  base  has  been  synthesized  by  Fischer1  out  of  1 -3-di-methyl 
uric  acid  ; also  from  uric  acid  itself  by  converting  this  into  3-methyl 
uric  acid.  Traube2  likewise  prepared  theobromin  by  treating  3- 
methyl  xanthin  with  methyl  iodid.  Theobromin  can  be  readily 
methylated  to  caffein. 

The  changes  which  theobromin  undergoes  in  the  body  have  been  the 
subject  of  a number  of  very  interesting  investigations.  Bondzynski 
and  Gottlieb3  in  1895  showed  that  it  underwent  cleavage  when 
fed  to  rabbit  and  to  dogs.  In  rabbits  only  19  per  cent,  of  the 
theobromin  was  recovered  unchanged,  and  24.6  per  cent,  was  ob- 
tained as  a methyl  xanthin  which  these  workers  identified  with 
heteroxanthin,  although  as  pointed  out  on  p.  398  this  substance 
must  have  been  mixed  with  some  3-methyl  xanthin.  Xanthin 
itself  was  not  obtained.  Similar  though  incomplete  experiments 
with  caffein  seemed  to  give  the  same  methyl  xanthin.  They  also 
found  that  when  theobromin  was  administered  to  a leukemic  that  it 
was  excreted  as  such  and  as  methyl  xanthin  in  about  the  same 
amounts  as  in  a healthy  person.  According  to  Rost’s4  experiments 
the  dog  will  excrete  about  31.8  per  cent,  of  the  administered  theo- 
bromin ; the  rabbit  28  per  cent,  and  man  20  per  cent.  Unlike 
caffein,  the  base  produces  diuresis  in  the  dog  and  hence  the  much 
greater  elimination  of  theobromin  (page  345). 

About  the  same  time  Albanesi  experimented  with  caffein  and  like- 
wise obtained  a methyl  xanthin  which  was  assumed  to  be  hetero- 
xanthin, but  was  eventually  shown  to  be  3-methyl  xanthin  (p.  395). 
Kruger  and  Schmidt  fed  theobromin  to  dogs  and  found  that  they 
eliminated  some  unchanged  base,  chiefly  3-methyl  xanthin  and  some 
7-methyl  xanthin  or  heteroxanthin.  In  rabbits  the  results  were  quali- 
tatively alike,  but  differed  quantitatively.  In  addition  to  theobromin 
their  urine  contained  chiefly  7-methyl  xanthin  and  but  little  3-methyl 
xanthin.  Later  Kruger  showed  that  caffein  splits  up  in  the  dog  into 
theobromin  and  other  cleavage  products  (p.  406).) 

Caffein  or  1.3.7-tri-methyl  xanthin  (p.  340),  C8H10N4O2,  is  the 
active  principle  of  tea  and  coffee  and  while  it  is  not  a product  of 
tissue  metabolism  in  the  animal  body  it  is  of  interest  because  of  its 
relation  to  xanthin  and  its  derivatives  as  well  as  to  uric  acid.  Of  the 
ordinary  purin  bases  found  in  human  urine  only  adenin,  hypoxan- 
thin  and  xanthin  are  cleavage  products  of  the  nucleins  of  the  tis- 
sues. 1-  and  7-methyl  xanthins  (heteroxanthin)  and  1-7-di-methyl 
xanthin  (paraxanthin)  are  undeniably  derived  from  the  caffein  taken 

1 Berichte,  30,  1839  ; 31,  1980  ; 32,  470. 

1 Benehle,  33,  3050. 

3 Archiv.  Path.  u.  Pharm.,  36,  45,  133  ; 37,  385  ; Berichte,  28,  1113. 

* Archiv.  Path.  u.  Pharm. , 36,  56. 
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iii to  the  body.  Furthermore  3-methyl  xanthin  and  the  other  two 
di-methyl  xanthins,  theophyllin  and  theobromin,  appear  in  the  urine 
after  caffein  administration  and  are  therefore  likewise  cleavage  prod- 
ucts of  this  base. 

To  Bondzynski  and  Gottlieb  and  to  Albanesi  is  due  the  credit  of 
having  demonstrated  that  caffein  and  theobromin  were  demethylated 
within  the  animal  body.  The  former  worked  chiefly  with  theobromin 
and  showed  that  this  base  was  changed  in  dogs,  rabbits  and  in  man 
to  heteroxanthin.  Kruger  and  Schmidt  eventually  showed  that  in 
addition  to  heteroxanthin  also  3-methyl  xanthin  was  formed. 

Albanesi  on  feeding  caffein  to  dogs  obtained  what  he  first  believed 
to  be  heteroxanthin  but  which  on  further  study  by  himself  and 
by  Kruger  was  shown  to  be  3-methyl  xanthin.  The  investigations 
of  the  latter  are  the  most  exhaustive.  They  show  that  when  caffein 
is  given  to  the  dog  in  small  quantities  it  is  excreted  as  3-methyl 
xanthin.  In  large  doses,  however,  the  demethylation  is  not  so  com- 
plete and  hence  the  several  intermediate  products  appear.  Some 
caffein  passes  through  unchanged.  Each  of  the  three  methyl 
groups  are  attacked  in  the  organism  and  as  a result  the  three  di- 
methyl xanthins,  theophyllin,  theobromin  and  paraxanthin,  appear  in 
the  urine.  The  first  mentioned  predominates  and  the  other  two  are 
present  in  about  equal  amounts.  3-methyl  xanthin  apparently  is  the 
only  mono-methyl  derivative  present.  The  demethylation  is  un- 
questionably different  in  different  animals  as  can  be  seen  from  ex- 
periments with  theobromin  (p.  405),  and  with  paraxanthin  (p.  403). 
Albanesi’s  statement  that  caffein  in  rabbits  was  changed  to  xanthin, 
and  in  man  to  di-methyl  xanthin  (theophyllin  ?)  has  been  questioned 
by  Kruger.  While  in  dogs  the  cleavage  of  caffein  yields  chiefly 
theophyllin  and  3-methyl  xanthin,  it  would  seem  that  in  man  para- 
xauthin  and  1-  and  7-methyl  xanthins  are  the  more  resistant. 

It  seems  to  be  well  established  that  caffein  does  not  increase  the 
amount  of  uric  acid  in  the  urine.  As  shown  above,  however,  it  does 
materially  increase  the  amount  of  the  purin  bases.  Kruger  and 
Schmid  have  shown  that  the  increase  of  purin  bases  is  not  propor- 
tional to  the  amount  of  caffein  administered.  Thus,  when  only 
0.05  g.  of  caffein  was  given  33  per  cent,  of  its  nitrogen  appeared  as 
purin  bases.  With  0.2  g.  of  caffein  only  19  per  cent,  of  the  nitro- 
gen was  found  in  this  condition.  The  ratio  of  the  nitrogen  of  uric 
acid  to  that  of  the  purin  bases  is  13.5  : 1 or  12.7  : 1.  After  caffein 
administration  it  falls  to  9.9  : 1 or  8.35  : 1. 

The  results  with  theobromin  were  in  some  respects  very  different. 
Like  caffein  it  does  not  increase  the  amount  of  uric  acid  but  it  has 
a greater  influence  upon  the  purin  bases — the  ratio  being  2.6:1. 
In  other  words  47  per  cent,  of  the  theobromin  nitrogen  appeared  in 
the  form  of  purin  bases. 

As  yet  there  is  no  direct  evidence  going  to  show  that  xanthin  is 
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formed  during  the  demethylation  of  caffein  and  of  the  other  higher 
homologues.  The  possibility  of  this  taking  place  must  be  conceded. 
On  the  other  hand  it  is  evident  that  the  purin  group  undergoes  to  a 
large  extent  complete  cleavage.  These  simpler  products  are  as  yet 
unknown  but  it  is  easy  to  see  that  pyrimidin  derivatives  and  even 
creatiniu  may  originate  during  the  cleavage  of  purin  bodies.  Wiener’s 
observations  on  uric  acid  show  that  this  purin  body  is  not  only  a nuclein 
cleavage  product  but  that  it  may  also  be  a synthetic  one.  Further- 
more he  has  shown  that  uric  acid  is  not  only  being  made  but  is  also 
being  constantly  destroyed  within  the  body.  This  process  of  for- 
mation and  of  decomposition  results  in  the  normal  minimum  excre- 
tion of  uric  acid  (see  page  344).  If,  however,  the  latter  change  is 
diminished  or  inhibited  the  amount  of  uric  acid  becomes  apparently 
increased  and  may  lead  to  disease  conditions  such  as  rheumatism. 
The  same  view  may  be  extended  to  the  purin  bases  and  the  rela- 
tively large  elimination  of  these  bodies  in  leukemia  may  be  due  not 
only  to  increased  formation  but  also  to  decreased  destruction. 

For  the  pharmacological  action  of  caffein  and  other  purins  see 
page  345. 

^Caffein  was  discovered  in  1820  by  Runge.  It  can  be  readily 
prepared  from  xanthin  or  from  either  of  the  mono-methyl  or  di- 
methyl derivatives.  It  has  been  synthesized  from  the  mono-,  di-, 
tri-,  and  tetra-methyl  uric  acids.  In  other  words  it  can  be  prepared 
from  uric  acid  direct  (Fischer).  It  has  also  been  synthesized  from 
di-methyl  urea  and  cyanacetic  acid  (Traube). 

Separation  of  the  Purin  Bases. 

The  detection  and  separation  of  the  purin  bases  in  urine  offers 
considerable  difficulty  which  will  be  readily  understood  when  it  is 
remembered  that  as  many  as  fourteen  of  these  bases  have  been  found 
in  that  secretion.  Most  of  these,  as  indicated  elsewhere,  do  not 
represent  tissue  metabolism  proper  but  rather  cleavage  products  of 
the  purins  contained  in  the  food  and  drink. 

Neubauer’s  method,  which  has  been  employed  in  some  modifica- 
tion or  other  for  the  isolation  of  purin  bases,  depends  upon  the  fact 
that  they  are  precipitated  from  an  ammoniacal  solution  by  an  am- 
moniacal  silver  solution.  This  reaction,  as  Kruger  has  pointed  out, 
is  given  by  all  xanthin  bases  which  contain  an  imido  group  capable 
of  substitution.  It  is  not  given  by  caffein,  the  fully  methylated 
xanthin,  or  by  dimethyl  hypoxanthin.  The  further  separation  of 
the  bases  is  accomplished  by  dissolving  the  silver  precipitate, 
together  with  a little  urea,  to  destroy  any  nitrous  acid,  in  boiling 
nitric  acid  of  1.1  specific  gravity.  The  hot  solution  is  filtered,  and 
from  the  filtrate,  on  cooling,  the  “ hypoxanthin  fraction  ” of  Salomon 
— hypoxanthin,  guanin,  carnin,  adenin,  and  episarkin,  crystallize 
as  the  corresponding  silver  nitrate  compounds.  That  portion  of 
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silver  salts  remaining  in  solution  in  the  nitric  acid,  the  “ xanthin 
fraction,”  consists  of  xanthin,  paraxanthin,  and  heteroxanthin. 

The  urine,  acidulated  with  hydrochloric  acid,  is  precipitated  with 
phosphotungstic  acid ; the  precipitate  is  decomposed  by  warming 
with  baryta,  filtered,  and  the  filtrate  is  freed  from  barium  by  the 
cautious  addition  of  sulphuric  acid.  The  solution  is  then  made  alka- 
line with  ammonium  hydrate,  any  traces  of  phosphates  that  appear 
are  filtered  off.  Or,  the  urine  may  be  rendered  directly  alkaline 
with  ammonium  hydrate  and  after  standing  24  hours  the  precipi- 
tated phosphates  removed  by  filtration.  The  filtrate  finally  is  pre- 
cipitated by  the  addition  of  ammoniacal  silver  nitrate  (0.5  g.  per 
liter).  The  precipitate  which  forms  consists  of  the  silver  compounds 
of  the  xanthin  bodies,  and  is  purified  by  dissolving  in  boiling  nitric 
acid  of  1.1  sp.  g.  The  filtrate,  on  cooling,  yields  a precipitate  of 
the  silver  nitrate  compounds  of  adenin,  hypoxanthin,  and  guanin. 
The  xanthin  compound  remains  in  solution.  The  silver  salts  of  the 
three  bases  mentioned  are  decomposed  with  dilute  hydrochloric,  or 
with  hydrogen  or  sodium  or  ammonium  sulphid,  and  the  acid  solu- 
tion of  the  three  bases  is  then  heated  on  the  water-bath  with  excess 
of  ammonia.  Guanin  is  thus  thrown  out  of  solution.  In  the  am- 
moniacal filtrate  the  adenin  is  separated  from  the  hypoxanthin  and 
estimated  by  picric  acid  (see  p.  411).  The  hypoxanthin  is  esti- 
mated as  hypoxanthin  silver  picrate.  Instead  of  the  separation  of 
guanin  from  the  other  bases  by  ammonia  Wulff’s  metaphosphate 
method  may  be  employed  (p.  385).  The  adenin  and  hypoxanthin 
are  then  precipitated  from  the  filtrate  by  ammoniacal  silver  solution. 
The  silver  salts  decomposed  with  hydrochloric  acid,  and  in  the 
filtrate  the  adenin  can  be  estimated  as  the  picrate ; the  hypoxanthin 
as  the  hypoxanthin  silver  picrate. 

A second  method  for  the  extraction  of  the  xanthin  bases  is  based 
upon  Drechsel’s  reaction,  namely,  that  they  are  precipitated  by  a cop- 
per solution  in  the  presence  of  a reducing  agent  (see  page  353).  The 
precipitation  is  so  complete  that  the  filtrate  does  not  react  with  am- 
moniacal silver  nitrate.  The  reliability  of  the  process  has  been 
quantitatively  tested  by  Balke,  who  found  the  yield  of  xanthin  bases 
from  meat  extract  to  be  slightly  greater  by  the  copper  method  over 
Neubauer’s  silver  nitrate  process.  In  addition  to  cheapness  the 
method  possesses  an  advantage  in  the  less  bulky  precipitates. 

As  reagents  Balke  employed  Fehling’s  solution  and  hydroxylamin 
hydrochlorid,  whereas  Kruger  made  use  of  copper  sulphate  (13  per 
cent.)  and  sodium  bisulphite  (1—2).  The  latter  solutions  are  ob- 
viously preferable. 

The  urine  or  other  liquid  to  be  examined  is  first  freed  from  any 
albumin  that  may  be  present.  It  is  then  boiled  and  the  copper  and 
bisulphite  solutions  are  added.  Barium  chlorid  may  be  added  to 
facilitate  the  settling  of  the  precipitate,  which  after  standing  several 
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hours  is  filtered  off  and  repeatedly  washed  with  warm  water  (60°). 
The  precipitate  is  then  suspended  in  acidulated  water  and  decom- 
posed with  hydrogen  sulphid.  To  destroy  the  uric  acid  which  may 
be  present  the  solution  is  acidulated  with  acetic  acid  and  boiled  with 
manganese  dioxid,  after  which  the  dissolved  manganese  is  precipi- 
tated by  boiling  with  ammonium  carbonate  and  hydrate.  The  purin 
bases  may  now  be  reprecipitated  with  copper  sulphate  and  bisulphite 
solutions. 

All  the  xanthin  compounds  containing  an  imido  group  capable  of 
substitution,  with  the  exception  of  theobromin,  are  precipitated. 
Caffein  and  dimethyl  hypoxanthin  contain  no  imido  group,  and  are 
therefore  not  precipitated.  Neither  are  urea,  allantoin,  amido  acids, 
pepton,  albumose,  creatin  and  creatinin  thrown  down.  The  more 
imido  groups  present  in  a compound  the  less  soluble  is  the  precipitate. 

Kriiger  and  Wulff  in  1894  applied  the  copper  method  for  the 
determination  of  the  relative  amounts  of  purin  bases  and  uric  acid 
in  urines  (see  Novy’s  Physiological  Chemistry).  The  ratio  of  the 
nitrogen  of  the  former  to  that  of  the  latter  is  of  little  value  when  it 
is  remembered  that  the  greater  part  of  the  purin  bases  in  the  urine 
are  derived  from  the  caffein  and  similar  bodies  in  the  food  and  have 
nothing  to  do  with  cell  metabolism. 

The  Neubauer  method  as  ordinarily  employed  does  not  yield  as 
satisfactory  results  as  may  be  expected.  As  pointed  out  by  Kruger 
and  Salomon  the  use  of  nitric  acid  would  cause  an  oxidation  of 
carnin  to  hypoxanthin.  Moreover,  any  nitrous  acid  present  would 
convert  more  or  less  completely  the  guanin  into  xanthin  and  the 
adenin  into  hypoxanthin.  This  change  as  Kruger  has  shown  is  not 
prevented  by  the  addition  of  even  a large  excess  of  urea.  They  thus 
explain  their  non-detection  of  carnin  and  guanin  in  the  urine.  A 
more  serious  objection  was  pointed  out  by  them  in  connection  with 
the  separation  of  the  purin  bases  into  the  two  fractions  by  means  of 
boiling  nitric  acid.  The  supposition  that  the  silver  salts  of  the 
xanthin  fraction  are  easily  soluble  in  the  nitric  acid  is  not  correct. 
Thus,  the  silver  salt  of  heteroxanthin  requires  2,820  parts  of  nitric 
acid  (1.1  sp.  gr.)  for  solution.  It  follows  therefore  that  the  hypo- 
xanthin fraction  as  ordinarily  obtained  always  contains  considerable 
amounts  of  the  xanthin  fraction. 

In  the  course  of  their  exhaustive  investigation  upon  the  urinary 
bases  Kruger  and  Salomon  1 recognized  these  defects  and  devised  the 
following  method  of  separation  : 

The  purin  bodies  may  be  precipitated  either  by  means  of  ammon- 
iacal  silver  solution  or  by  means  of  copper  sulphate  and  sodium 
bisulphite  as  already  described.  In  the  former  case  the  washed  pre- 
cipitate is  transferred  to  a round  bottom  flask  and  decomposed  on  a 

1 Zeits . physiol.  Chem.,  26,  373  (1898). 
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water-bath  by  cautious  addition  of  dilute  hydrochloric  acid  till  the 
original  voluminous  precipitate  is  replaced  by  that  of  silver  chlorid. 
The  liquid  is  then  heated  over  a flame  and  hydrochloric  acid,  equal 
to  that  already  used,  is  added.  The  solution  is  filtered  while  hot 
and  the  precipitate,  which  contains  most  of  the  uric  acid,  is  thoroughly 
washed  with  very  dilute  hydrochloric  acid. 

When  the  copper  method  is  used  the  precipitate,  after  thorough 
washing  with  boiling  water,  is  transferred  to  a flask,  then  warmed 
and  rendered  alkaline  with  ammonium  hydrate.  The  liquid  is  then 
strongly  acidulated  with  hydrochloric  acid  and  the  copper  is  pre- 
cipitated by  means  of  hydrogen  sulphid.  The  precipitate  is  filtered 
while  hot  and  freely  washed.  It  contains  the  greater  part  of  the 
uric  acid. 

The  acid  filtrate  obtained  by  either  method  is  concentrated  on 
the  water-bath,  preferably  at  a low  temperature  and  with  constant 
stirring.  To  remove  the  acid  from  the  syrupy  residue  this  is  twice 
taken  up  with  water  and  reevaporated.  This  operation  is  repeated 
with  96  per  cent,  alcohol  till  the  acid  is  expelled  and  the  residue  be- 
comes granular.  This  is  then  digested  for  several  hours  at  40°  with 
distilled  water;  the  insoluble  part  is  filtered  off  and  washed  with  water, 
then  with  alcohol  and  with  ether.  The  aqueous  filtrate,  evaporated 
and  the  residue  treated  as  before,  may  yield  a slight  insoluble  por- 
tion which  is  to  be  combined  with  the  main  quantity. 

The  insoluble  residue  contains  xanthin,  heteroxanthin,  and 
1 -methyl  xanthin.  The  aqueous  filtrate  contains  adenin,  hypoxan- 
thin,  paraxanthin  and  epiguanin  with  traces  of  heteroxanthin  and 
1-methyl  xanthin.  In  other  words  xanthin  and  hypoxanthin  frac- 
tions result  the  same  as  in  Neubauer’s  method  with  the  difference 
that  paraxanthin  appears  in  the  latter. 

1.  In  order  to  separate  the  three  bases  present  in  the  xanthin 
fraction  the  insoluble  residue  is  dissolved  in  fifteen  parts  of  hot  3.3 
per  cent,  sodium  hydrate  (HG1  free).  Within  24  hours  the  sodium 
salt  of  heteroxanthin  separates  out  pure  and  almost  quantitatively. 

This  is  filtered  off  and  the  filtrate  is  divided  into  portions  of  60 
c.c.  and  warmed  to  60°.  Each  portion  is  then  poured  slowly  and 
with  constant  stirring  into  a cold  mixture  of  20  c.c.  of  concentrated 
nitric  acid  and  20  c.c.  of  water.  This  dilute  acid  should  be  boiled 
before  being  used.  The  uric  acid  remaining  in  solution  is  thus  de- 
stroyed and  the  solution  on  standing  a few  hours  in  the  cold  yields 
a precipitate  of  xanthin  nitrate.  This,  if  pure,  is  a heavy  crystal- 
line powder  consisting  of  masses  of  plates.  If  impure,  the  air- 
dried  precipitate  should  be  divided  into  portions  of  3 g.,  each  of 
which  is  then  dissolved  in  warm  sodium  hydrate  and  the  solution 
diluted  to  60  c.c.  is  treated  as  before.  To  obtain  free  xanthin  the 
nitrate  is  dissolved  in  ammonia  and  from  the  solution  when  evapo- 
rated xanthin  sepai’ates  out  in  amorphous  crusts. 
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The  filtrate  from  the  xanthin  nitrate  saturated  with  ammonia  and 
concentrated  yields  a satin-like  mass  consisting  of  microscopic  plates 
of  1 -methyl  xanthin.  The  remainder  in  solution  can  be  precipitated 
with  ammoniacal  silver  solution  or  with  copper  sulphate. 

2.  The  filtrate  from  the  xanthin  fraction  on  addition  of  a slight 
excess  of  ammonia  yields  at  once  a precipitate  of  glistening  prisms 
— epiguanin.  This  is  filtered  otf  and  the  ammonia  is  expelled  from 
the  filtrate  by  heating.  The  solution  which  should  not  be  too  con- 
centrated is  then  treated  in  the  cold  with  a 1.1  per  cent,  solution  of 
picric  acid  to  a slight  excess.  The  adenin  picrate  is  at  once  removed 
by  means  of  a suction  pump. 

The  filtrate  from  the  adenin  is  acidulated  with  sulphuric  acid  and 
extracted  with  benzol  or  toluol  to  remove  picric  acid.  After  which 
the  remaining  bases  are  precipitated  with  ammoniacal  silver  solution 
or  with  copper  sulphate  and  bisulphite.  The  precipitate  is  decom- 
posed with  hydrogen  sulphid  after  which  the  aqueous  filtrate  is 
evaporated  to  dryness.  Portions  of  3 g.  each,  of  the  dry  residue, 
are  dissolved  in  100  c.c.  of  hot  dilute  nitric  acid  (90  c.c.  H20 
-{-  10  c.c.  cone.  HNOj).  On  cooling  pure  hypoxanthin  nitrate  sep- 
arates out. 

The  filtrate  from  this  deposit  contains  small  amounts  of  hypoxan- 
thin, heteroxauthin,  and  1-methyl  xanthin  besides  paraxanthin.  To 
separate  these  bases  the  entire  method  is  repeated  from  the  begin- 
ning. The  above  filtrate  is  precipitated  with  ammoniacal  silver  so- 
lution or  with  copper  sulphate  and  sodium  bisulphite.  The  hydro- 
chloric acid  filtrate,  obtained  by  decomposing  the  precipitate  in  the 
manner  previously  described,  is  evaporated  and  the  residue  is  ex- 
tracted as  before  with  as  little  cold  water  as  possible.  The  insoluble 
portion  contains  heteroxanthin  and  1-methyl  xanthin,  and  these  are 
separated  by  means  of  a 3.3  per  cent,  solution  of  sodium  hydrate. 
The  filtrate  contains  hypoxanthin  and  paraxanthin.  In  order  to  re- 
move the  hydrochloric  acid  these  bases  are  again  precipitated  as 
silver  or  copper  compounds.  These  are  decomposed  and  the  dry 
residue  dissolved  in  a little  hot  dilute  nitric  acid  (as  above)  yields  on 
cooling  hypoxanthin  nitrate.  The  filtrate  contains  paraxanthin 
which  can  be  obtained  now  as  the  sodium  salt  or  as  the  free  base. 

Guanin,  if  present,  is  to  be  expected  in  both  fractions.  The  xau- 
thin  fraction,  treated  with  ammonia,  would  yield  the  insoluble  guanin. 
From  the  hypoxanthin  fraction  guanin  and  epiguanin  would  be  pre- 
cipitated together  by  ammonia.  It  can  be  separated  from  the  latter 
by  treatment  with  hot  water  or  hot  dilute  ammonia. 

Inasmuch  as  caffein  and  theobromin  are  not  precipitated  by  am- 
moniacal silver  solution  or  by  the  copper  sulphate  method  it  is  neces- 
sary in  order  to  detect  these  bases  to  resort  to  precipitation  with 
phosphotungstic  acid.  For  this  purpose  the  urine,  acidulated  with 
sulphuric  acid,  is  treated  with  this  reagent.  The  precipitate  is  de- 
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composed  in  the  cold  with  baryta  water,  treated  with  carbonic  acid 
and  finally  the  liquid  is  warmed  on  the  water-bath  and  filtered  hot. 
The  filtrate  is  then  precipitated  with  copper  sulphate  and  sodium 
bisulphite  to  remove  the  ordinary  purin  bases.  The  filtrate  from  the 
copper  precipitate  is  treated  with  hydrogen  sulphid,  the  resulting 
clear  solution  is  evaporated  and  the  residue  extracted  with  chloro- 
form. This  takes  up  the  caffein  and  theobromin.  To  separate 
these  the  chloroform  solution  is  evaporated  and  the  residue  is  taken 
up  with  water,  and  the  solution  treated  with  silver  nitrate  and  a 
slight  excess  of  ammonia.  The  ammonia  is  then  expelled  by  boil- 
ing and  the  solution  on  cooling  yields  a deposit  of  the  theobromin 
silver  compound.  The  filtrate  from  this  deposit  is  acidulated  with 
hydrochloric  acid  and  extracted  with  chloroform,  which  on  evapo- 
ration yields  caffein. 

The  3-methyl  xantliin  is  separated  from  the  purin  bases  as  the  in- 
soluble barium  salt.  Theophyllin  is  separated  from  paraxanthin  by 
recrystallizing  the  silver  nitrate  compounds  from  nitric  acid  (Kruger). 1 

Separation  of  uric  acid  from  xanthin  bases. 

In  the  precipitation  of  uric  acid  by  the  silver  method  the  xanthin 
bases  if  present  are  likewise  thrown  down.  However,  as  adenin  and 
hypoxauthin  are  readily  soluble  in  acids  and  alkalis,  they  are  easily 
separated  after  decomposition  of  the  silver  precipitate.  Xanthin 
and  guanin  are  less  soluble,  and  hence  may  render  the  uric  acid 
impure  especially  when  this  is  isolated  from  animal  organs.  Wulff 
detected  the  presence  of  xanthin  in  a uric  acid  precipitate  by  destroy- 
ing the  uric  acid  with  hot  dilute  nitric  acid — the  xanthin  remaining 
unchanged.  The  substance  is  heated  on  the  water-bath  with  dilute 
nitric  acid  (100  parts  water  and  5 parts  nitric  acid,  1.14  sp.  g.),  and 
after  gas  ceases  to  be  given  off  it  is  boiled  for  a short  time,  rendered 
ammoniacal,  and  if  xanthin  is  present  it  gives  a precipitate  with 
silver  nitrate.  The  precipitate  can  be  collected  on  a weighed  filter, 
dried  at  120°,  and  weighed  as  C5H4N402.Ag20  ; or  from  the  weight 
of  silver  after  ignition  the  amount  of  xanthin  may  be  calculated.  If 
the  amount  of  xanthin  is  large,  it  can  be  weighed  directly.  For  this 
purpose  the  solution  is  rendered  slightly  ammoniacal,  after  the 
oxidation  with  nitric  acid,  and  then  is  treated  with  acetic  acid  and 
an  equal  volume  of  alcohol.  After  twelve  hours  filter,  wash  with 
dilute  alcohol,  dry  at  110°,  and  weigh. 

The  destruction  of  uric  acid  by  nitric  acid  and  by  manganese 
dioxid  has  been  already  referred  to.  Horbaczewski’s  method  for  the 
separation  of  uric  acid  from  xanthin  is  as  follows  : The  mixture  of 
the  two  substances  is  dissolved  with  aid  of  gentle  heat  in  a platinum 
dish  in  concentrated  sulphuric  acid  (2  c.c.  for  0.1  g.  substance). 

i Benchte,  32,  2681,  2823,  3336. 


CARNIN. 


413 


The  solution  is  diluted  with  four  parts  of  water,  stirred  thoroughly, 
and  set  aside  for  3-6  hours.  The  uric  acid  is  thus  precipitated,  and 
is  then  collected  on  a small  filter,  washed  with  water,  acidulated  with 
sulphuric  acid,  then  with  pure  water.  Then  it  is  transferred  to  the 
dish  in  which  it  was  precipitated,  dissolved  in  a little  pure  sodium 
hydrate  (e  natrio),  strongly  acidulated  with  hydrochloric  acid,  and 
evaporated  to  a few  c.c.  After  standing  one  hour  it  is  filtered 
through  Ludwig’s  glass-wool  filter,  washed  with  HCl-water,  then 
with  water,  finally  with  alcohol  and  ether,  dried  at  110°,  and 
weighed.  The  filtrate  and  wash-water  are  combined,  and  a correc- 
tion is  made  for  the  solubility  (1  : 16,000)  of  uric  acid.  This  correc- 
tion is  added  to  the  weighed  amount.  The  results  obtained  by  this 
method  are  excellent.  The  separation  from  guanin  and  xanthin  is 
complete. 

Carnin,  C7HsN403,  was  isolated  in  1871  from  American  meat 
extract  by  Weidel,  but  it  has  not  been  obtained  from  muscle  tissue 
itself.  Balke,  however,  has  isolated  it  from  fresh  horse-meat  extract. 
It  has  also  been  obtained  from  yeast  liquors  by  Schiitzenberger,  and 
Pouchet  claims  to  have  isolated  it  from  urine,  but  has  not  offered 
sufficient  evidence  on  this  point.  Salomon  (1893)  obtained  a body 
resembling  carnin  from  leuksemic  urine. 

It  can  be  separated  from  the  meat  extract  by  the  following  method 
originally  employed  by  Weidel : The  extract  is  dissolved  in  six  or 
seven  parts  of  warm  water,  then  concentrated  baryta  water  is  added, 
avoiding,  however,  an  excess.  The  filtrate  is  precipitated  by  basic 
lead  acetate.  The  precipitate  is  collected,  thoroughly  washed  and 
pressed,  and  finally  it  is  repeatedly  extracted  with  a large  quantity 
of  boiling  water.  The  carnin  lead  salt  ia  thus  dissolved  out ; the 
filtrate,  after  removal  of  the  lead  by  hydrogen  sulphid,  is  evaporated 
to  a small  volume.  The  concentrated  solution  thus  obtained  is 
treated  with  silver  nitrate,  which  gives  a precipitate  of  silver  chlorid 
and  of  the  silver  salt  of  carnin.  By  treatment  with  ammonium  hy- 
drate the  silver  chlorid  can  be  completely  removed  from  the  precipi- 
tate, whereas  the  silver  compound  of  carnin  is  insoluble  in  that 
reagent.  To  obtain  pure  carnin  the  silver  salt  is  decomposed  with 
hydrogen  sulphid,  and  the  filtrate,  after  purification  by  bone-black, 
is  evaporated  to  crystallization.  According  to  Weidel,  carnin  forms 
about  1 per  cent,  of  the  meat  extract.  Kemmerich  (1893)  has  found 
only  one-quarter  of  1 per  cent.,  or  even  less.  The  amount,  there- 
fore, varies  considerably,  and  may  be  very  small  in  the  fresh  extract. 

Carnin  forms  white  crystalline  masses  which  on  drying  become 
loose  and  chalk-like.  It  is  very  difficultly  soluble  in  cold  water, 
easily  and  completely  in  boiling  water,  and  recrystallizes  on  cooling. 
It  is  insoluble  in  alcohol  and  ether.  The  taste  is  decidedly  bitter, 
and  the  reaction  is  neutral.  The  base  is  not  precipitated  by  neutral 
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lead  acetate,  but  is  precipitated  by  the  basic  salt  as  a flocculent  white 
precipitate  soluble  in  boiling  water.  On  heating  carnin  decomposes 
and  takes  fire,  and  at  the  same  time  gives  off  a peculiar  odor.  It 
crystallizes  with  one  molecule  of  water,  which  it  loses  at  100°-110°. 

The  hydrochlorid,  C7H8N403.HC1,  forms  pretty  prisms  (Kem- 
merich),  and  decomposes  on  heating  with  concentrated  hydrochloric 
acid. 

The  platinochlorid,  C7H8N4Os.HCl.PtCl4 , forms  a fine,  sandy, 
golden-yellow  powder. 

With  silver  nitrate  carnin  unites  to  form  a white  flocculent  pre- 
cipitate, insoluble  in  nitric  acid  or  in  ammonia  hydrate.  Its  formula 
corresponds  to  2(C,H7AgN403)  + AgNOs . 

With  copper  solution  and  reducing  agent  it  gives  a yellow  pre- 
cipitate which  on  washing  becomes  grass-green  (Balke). 

Carnin  is  not  affected  by  prolonged  boiling  with  concentrated 
barium  hydrate.  Bromin  water  decomposes  it  with  the  evolution  of 
gas  and  the  formation  of  hypoxanthin.  This  change  takes  place 
according  to  the  following  equation  : 


C7H8N403  + 2Br  = C5H4N4O.HBr  + CH3Br  + COz . 

A similar  decomposition  into  hypoxanthin  is  brought  about  by  the 
action  of  nitric  acid,  though  in  this  case  oxalic  acid  and  a yellow 
body  are  formed.  Because  of  this  decomposition  carnin  cannot  be 
expected  when  Neubauer’s  method  is  used.  When  carnin  is  evapo- 
rated with  chlorin  water  containing  a little  nitric  acid,  the  residue, 
on  contact  with  ammonia,  gives  a rose-red  color  (murexid  test).  This 
is  due,  according  to  Weidel,  to  the  formation  of  hypoxanthin,  but  it 
has  since  been  shown  that  the  latter  base  does  not  give  this  reaction 
which,  however,  is  given  by  xanthin  and  its  derivatives. 

The  constitution  of  carnin  is  not  known.  It  is  undoubtedly  an 
ester  of  hypoxanthin.  The  above  decompositions  may  be  taken  to 
indicate  the  presence  of  an  acetic  group  in  position  7 ; otherwise  it 
must  be  looked  upon  as  a methyl  carboxyl  derivative  of  hypoxanthin. 

The  physiological  action  of  carnin  has  been  examined  somewhat 
by  Briicke,  and  according  to  him  the  base  is  not  very  poisonous. 
The  only  effect  observed,  when  taken  internally,  was  a fluctuation 
in  the  rate  of  the  heart-beat,  though  even  this  was  by  no  means 
definite  in  its  nature. 

Carnosin,  C9HI4N403,  is  a new  base  isolated  in  1900  by  Gule- 
witsch  and  Amiradzibi*  from  Liebig’s  meat  extract.  It  has  not  as 
yet  been  studied  very  thoroughly  and  nothing  definite  can  be  said  as 
to  its  structure.  The  silver  compounds  show,  however,  a striking 
resemblance  to  arginin.  It  may  be  looked  upon  as  a di-methyl 

1 BerichU,  33,  1902. 
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carnin  in  which  case  it  would  contain  less  hydrogen  than  given 
above. 

The  free  base  is  very  easily  soluble  in  water  and  has  a strong 
alkaline  reaction.  It  forms  minute  needle-shaped  crystals  and  melts 
with  decomposition  at  239°. 

The  nitrate  on  evaporation  yields  radiating  crystals  and  is  also 
precipitated  in  stellate  masses  of  needles  by  the  addition  of  alcohol 
to  a hot  aqueous  solution  of  the  salt.  It  is  dextro-rotatory  and  melts 
with  decomposition  at  211°. 

On  boiling  with  copper  carbonate  it  yields  a copper  compound 
(C9HuN4Os  .CuO)  which  is  difficultly  soluble  in  cold,  rather  easily 
soluble  in  hot  water  from  which  it  crystallizes  in  characteristic  six- 
sided  plates.  It  decomposes  without  melting  at  220°. 

Cytosin,  C^H^N^O^  -f  5II20,  was  obtained  by  Kossel  and  Neu- 
mann by  the  decomposition  of  adenylic  acid  (from  thymus  glands ) 
by  heating  with  20  per  cent,  sulphuric  acid  in  a sealed  tube  at  150°  ; 
also  by  the  action  of  water  at  170°.  The  yield  is  about  2 per  cent. 
It  forms  rectangular  plates,  often  with  blunted  corners.  On  slow 
separation  the  crystals  may  attain  a length  of  a centimeter.  The 
water  of  crystallization  is  expelled  at  100°.  It  is  easily  soluble  in 
hot  water,  from  which  it  separates  on  cooling ; difficultly  soluble  in 
alcohol ; insoluble  in  ether. 

It  forms  well  crystallized  salts.  Thus,  the  sulphate  forms  needles  ; 
the  chlorid  is  easily  soluble  and  appears  in  prisms.  The  nitrate, 
platinochlorid,  and  aurochlorid  likewise  crystallize  easily.  A brick- 
red  precipitate  forms  in  even  very  dilute  acidulated  solution  by  the 
addition  of  potassium  bismuth  iodid.  Silver  nitrate  produces  a pre- 
cipitate which  is  increased  by  addition  of  a little  ammonia,  but  is 
dissolved  gradually  by  an  excess,  especially  on  warming,  but  it  reap- 
pears in  crystalline  form  on  cooling. 

The  picrate,  C^H^Nj^^CgHjNgOy,  is  difficultly  soluble  and 
crystallizes  in  yellow  needles. 

It  is  evident  that  cytosin  is  still  subject  to  investigation.  In  some 
respects  it  suggests  a relationship  to  the  pyrimidin  bodies.  At  all 
events  the  formula  as  given  is  more  complex  than  might  be  expected 
by  comparison  with  the  other  well  studied  products  of  nucleins. 

PYRIMIDIN  GROUP. 

Two  substances  belonging  to  this  group  have  been  isolated  from 
nucleinic  acids  by  hydrolysis.  Although  they  are  neither  basic  nor 
acid  in  character,  yet  their  relation  to  the  purin  bodies  and  hence 
to  nuclein  is  such  as  to  render  their  consideration  necessary.  They 
have  been  regarded  as  antecedents  of  the  purin  bodies,  rather  than 
as  decomposition  products  of  these  substances.  Nevertheless,  it 
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would  seem  as  if  the  latter  view  was  the  correct  one.  The  reason 
for  this  belief  is  twofold.  In  the  first  place  the  hydrolytic  process 
is  so  energetic  that  adenin  and  presumably  the  other  purin  bases  as 
well  are  completely  broken  up.  Again,  if  the  pyrimidin  bodies 
are  antecedents,  it  might  be  expected  that  on  feeding  to  animals 
purin  bodies  would  be  eliminated  in  the  urine.  Steudel  (1901),  how- 
ever, has  shown  that  a number  of  synthetic  pyrimidin  bodies  can 
be  given  to  the  dog  with  the  result  that  some  of  these  are  destroyed 
while  others  are  eliminated  as  such,  and  at  no  time  are  purin  bodies 
formed.  Thymin,  a natural  pyrimidin  body,  is  split  up  and  yields 
urea,  whereas  its  isomer  the  synthetic  methyl  uracil  is  excreted  un- 
changed. 

Steudel’ s investigation  further  shows  that  the  di-  and  tri-amino 
derivatives  of  pyrimidin  are  highly  toxic,  while  the  others  are  not. 
These  poisonous  substances  yield  insoluble  compounds  which  are 
deposited  in  the  tubules  of  the  kidney.  It  is  noteworthy  that  the 
really  only  poisonous  natural  purin  body  is  adenin  which,  as  already 
shown,  is  6-amino  purin  (see  pages  341,  350).  It  would  seem  as 
if  the  introduction  of  the  amino  group  into  the  purin  or  pyrimidin 
nucleus  rendered  such  bodies  poisonous. 

Thymin. — In  1893,  Kossel  and  Neumann  showed  that  the  nu- 
cleinic  acid  from  the  thymus  gland  of  the  calf  on  boiling  with  dilute 
sulphuric  acid  yields  a crystalline  body  (8  per  cent.)  which  they  des- 
ignated as  thymin.  At  first  they  ascribed  it  the  formula  C^H^NgOj 
but  subsequent  investigations  showed  that  the  original  preparations 
were  not  pure  and  that  thymin  was  C5H(.N202. 

Thymin  was  also  obtained  by  Kossel  and  Neumann  by  similar 
hydrolysis  of  the  nucleinic  acid  of  ox  spleen.  The  “ nucleosin  ” 
which  Miescher  isolated  from  a nucleinic  acid  derived  from  the  sper- 
matozoa of  the  salmon  is  according  to  Kossel  identical  with  thymin. 

In  1896  Kossel  isolated  it  from  the  spermatozoa  of  the  sturgeon 
and  three  years  later  Gulewitsch  obtained  it  from  the  testicles  of  the 
herring.  Its  possible  presence  in  the  auto-digestion  of  the  pancreas 
has  been  indicated  by  Levene.  Kutscher  obtained  thymin  and  pos- 
sibly uracil  in  the  auto-digestion  of  thymus  glands.  Fischer  and 
Roeder1  in  1901  prepared  thymin  and  uracil  synthetically. 

Thymin  forms  four  or  six-sided  colorless  plates  resembling  those 
of  cholesterin  and  is  doubly  refractive.  Illustrations  of  these  are 
given  by  Gulewitsch  (Zeit.  physiol.  Chem.,  27,  295).  On  careful 
heating  it  can  be  sublimed  and,  as  Kossel  has  shown,  its  presence  in 
nucleinic  acid  can  thus  be  directly  demonstrated  by  heating  some  of 
the  acid  between  two  watch  glasses.  The  melting  point  is  above 
290°.  When  heated  rapidly  it  sinters  at  318°  and  melts  at  about 
321°  with  evolution  of  gas  becoming  yellowish  (Fischer  and 

1 Berichte,  34,  3751,  4129. 
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lioeder).  It  is  difficultly  soluble  in  cold,  easily  so  in  boiling  water, 
less  easily  in  alcohol  than  in  ether.  Although  it  is  neither  acid 
uor  basic  in  character  a potassium  thymin  compound  can  be  obtained 
(Steudel),  with  mercuric  nitrate  it  yields  a voluminous  precipitate. 
Mercuric  chlorid  gives  no  precipitate  but  does  form  one  if  the 
liquid  containing  the  mercury  salt  is  rendered  slightly  alkaline  with 
sodium  hydrate.  In  like  manner  silver  nitrate  does  not  yield  a pre- 
cipitate but  the  subsequent  addition  ammonium  or  barium  hydrate 
produces  a gelatinous  precipitate  which  redissolves  in  excess  of  the 
alkali. 

Thymin  decolors  bromin  water  and  eventually  forms  a bromin 
derivative.  According  to  Jones  (1900)  this  change  takes  place 
according  to  the  equation  : 


c5h6n2o2  + 


AVI  f J-L2v 


On  heating  with  phosphorus  oxychlorid  Steudel  and  Kossel  (1900), 
obtained  a dichlorthymin  which  was  different  from  that  obtained  from 
the  isomer  methyl  uracil.  By  heating  potassium  thymin  with  methyl 
iodid  Steudel  obtained  a dimethyl  thymin  which  also  differed  from 
the  isomeric  trimethyl  uracil  of  Behrend. 

Although  at  the  time  of  the  discovery  of  thymin  Kossel  suggested 
that  it  possibly  might  be  a pyrimidin  body,  yet  positive  proof  of  this 
and  the  demonstration  of  its  constitution  was  not  supplied  until  re- 
cently. The  pyrimidin  character  wTas  demonstrated  by  Steudel  (1901), 
who  succeeded  in  obtaining  a nitro-thymin  and  this  on  reduction  with 
tin  and  hydrochloric  acid  gave  a body  which  with  chlorin  water  and 
ammonia  yielded  an  intense  murexid  reaction,  thus  indicating  the 
presence  of  the  alloxan  group.  This  was  further  corroborated  by  the 
oxidation  of  thymin  with  barium  permanganate,  urea  being  obtained. 
In  view  of  these  reactions  thymin  is  a pyrimidin  body  isomeric  with 
methyl  uracil.  The  di-substitution  products  indicate  that  thymin  pos- 
sesses the  following  structural  formula: 


Thymim. 

C6H0NjO,. 


Uracii.  Pyrimidiw. 

C^HjNjO,.  C4H4N,. 


.The  position  of  the  carbon  and  nitrogen  is  indicated  by  numbers 
in  the  same  way  as  in  the  case  of  purin  (p.  338).  Thymin  is  there- 
fore 5-methyl  2-6-dioxypyrimidin.  Methyl  uracil,  the  isomer  syn- 
thesized by  Behrend  and  Roosen,  has  the  methyl  group  in  position 
4 ( = 6).  It  is  prepared  by  the  action  of  urea  on  acetacetic  ether. 
Gabriel  and  Colman 1 changed  methyl  uracil  into  4 ( = 6)  methyl 
pyrimidin  and  eventually  into  pyrimidin.  From  the  4. 5. 6-methyl 

1 Berichte , 32,  1537  (1899). 
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diaraido  pyrimidin  by  the  action  of  formic  acid  they  prepared  6- 
methyl  purin,1  thus  effecting  the  conversion  of  a pyrimidin  into  a 
purin  body.  Obviously  the  reverse  change  is  equally  possible,  in 
which  case  the  origin  of  the  pyrimidin  bodies  is  easily  accounted  for. 
Pyrimidin  has  also  been  synthesized  by  Emery.2  Several  amido  and 
methyl  derivatives  have  been  recently  described.3 

From  the  above  constitution  of  pyrimidin  it  will  be  seen  that  it 
may  be  looked  upon  as  benzol,  in  which  the  nitrogen  occupies  the 
meta  position.  It  therefore  has  two  isomers.  Thus,  when  the 
nitrogen  is  in  the  ortho  position  pyridazin  results ; when  in  the  para 
position  pyrazin. 

Uracil. — From  yeast  nucleinic  acid  Kossel  and  Neumann  in  1893 
isolated  a thymin-like  substance  but  the  amount  obtained  was  insuffi- 
cient for  identification.  Ascoli,  in  1901,  demonstrated  that  this  sub- 
stance was  not  thymin  but  the  next  lower  homologue,  C4H4N202 , 
which  corresponds  to  the  hitherto  unknown  uracil.  A similar,  if 
not  identical  body,  with  possibly  thymin,  is  formed  in  the  auto- 
digestion of  the  pancreas  (Levene,  1901)  and  it  is  probable  that 
Kutscher  met  with  this  body  although  he  gave  it  the  formula 
C8H6N404  in  the  auto-digestion  of  yeast.  Uracil  has  been  synthesized 
by  Fischer  and  Iloeder.4 

Uracil  crystallizes  in  needles,  arranged  in  rosettes.  It  does  not 
sublime  as  easily  as  does  thymin.  The  synthetic  product  on  rapid 
heating  becomes  brown  at  280°  and  melts  at  about  335°  with  evo- 
lution of  gas.  It  is  easily  soluble  in  hot,  rather  difficultly  in  cold 
water  and  is  almost  insoluble  in  alcohol  and  in  ether.  It  is  easily 
soluble  in  ammonia  but  it  does  not  unite  with  hydrochloric  or  with 
nitric  acids.  When  treated  in  the  same  way  as  thymin  it  yields 
Weidel’s  reaction.  It  therefore  in  all  probability  possesses  the  struc- 
ture, as  given  above,  in  which  case  it  is  2-6  dioxypyrimidin. 

A Body,  C8H6N404,  was  isolated  by  Kutscher5  from  yeast  under- 
going sterile  auto-digestion.  It  was  precipitated  from  the  ammoni- 
acal  silver  filtrate,  after  removal  of  purin  bases,  on  neutralization 
with  nitric  acid.  When  purified,  however,  the  substance  is  not  pre- 
cipitable  by  silver  nitrate  in  acid  solution  and  is  thrown  down  by  an 
ammoniacal  silver  solution  but  the  precipitate  is  soluble  in  excess  of 
ammonia  and  in  nitric  acid.  After  treatment  with  boiling,  dilute 
nitric  acid  it  is  precipitated  by  silver  nitrate.  The  amorphous  pre- 
cipitate thus  obtained  is  soluble  in  boiling  nitric  acid  and  separates 
out  on  cooling  as  fine  needles. 

The  substance  is  neutral  in  reaction  and  is  precipitated  by  phos- 

» Berichte , 34,  1246. 

2 Berichte,  34,  4178. 

2 Benchtc , 34,  2812,  3362,  3956. 

* Berichte,  34,  3751,  4129. 

5 Zeits.  physiol.  Chem.,  32,  67. 
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photungstic  acid.  Inasmuch  as  Levene  obtained  uracil,  0>H4N2O,, 
in  a similar  auto-digestion  of  pancreas  it  may  be  that  Kutscher’s 
body  has  a simpler  formula  than  that  given  above  and  moreover  it 
may  be  related  to,  if  not  identical  with,  uracil.  Its  behavior  to 
silver  is  very  much  like  that  of  thymin. 

The  pyrimidin  bodies  may  be  obtained  by  the  hydrolysis  of  pure 
nucleinic  acid  but  the  better  procedure  is  to  separate  them  from  the 
hydrolytic  products  of  the  original  tissue  or  material.  The  method 
perfected  by  Jones  is  especially  useful  for  this  purpose.  He  em- 
ployed the  testicles  of  the  herring  from  which  the  protamin  had 
been  previously  removed  with  an  acid.  This  material  was  mixed 
with  20  per  cent,  sulphuric  acid  and  the  mixture  was  autoclaved  for 
2 hours  at  150°.  This  heating  completely  destroys  the  adenin  but 
is  without  effect  on  the  thymin.  After  removal  of  the  humus  sub- 
stances by  filtration,  powdered  barium  hydrate  is  added  till  a slight 
but  distinct  alkaline  reaction  is  obtained.  The  precipitate  of  barium 
sulphate  is  filtered  off  and  thoroughly  washed  with  boiling  water. 
The  combined  filtrates  are  then  concentrated  so  that  for  each  100  g. 
of  dry  testicles  there  is  500  c.c.  of  liquid. 

A preliminary  test  is  now  made  to  ascertain  the  exact  amount  of 
silver  nitrate  necessary.  For  this  purpose,  a small  but  known 
amount  of  the  liquid  is  taken  and  after  slightly  acidulating  a 2 per 
cent,  solution  of  silver  nitrate  is  added  from  a burette  till  a drop  of 
the  liquid  added  to  an  excess  of  baryta  water  yields  a yellow  and  not 
a white  precipitate.  The  amount  of  silver  solution  necessary  for 
portions  of  500  c.c.  of  the  liquid  can  then  be  calculated. 

The  original  liquid  is  then  slightly  acidulated  with  nitric  acid 
and  divided  into  portions  of  500  c.c.  each.  To  each  of  these  the 
requisite  amount  of  silver  nitrate  solution  is  then  added.  After 
removal  of  the  precipitate,  the  filtrate  is  rendered  slightly  alkaline 
with  baryta.  This  precipitate  is  washed  by  decantation  and  finally 
drained  over  a pump.  It  is  then  decomposed  with  hydrogen  sul- 
phid,  under  pressure.  The  united  filtrates  on  evaporation  yield 
crystals  of  thymin.  These  are  decolored  with  charcoal  and  recrys- 
tallized from  hot  water.  In  the  case  of  herring  testicles  the  yield 
of  thymin  is  about  2 per  cent. 

It  has  already  been  pointed  out  that  the  pyrimidin  bodies  may  be 
considered  as  antecedents  of  the  purin  bodies  formed  in  the  animal 
organism  or  more  correctly  as  cleavage  products  of  the  latter.  The 
relation  of  the  pyrimidin  and  purin  bodies  can  best  be  shown  by 
equations  representing  the  synthesis  of  uric  acid.  Behrend  and 
Roosen  prepared  uric  acid  by  combining  urea  with  a pyrimidin 
body  — iso-dial  uric  acid. 
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H^— CO  NH,  HN— CO 

OC  COH  + CO  = OC  C— NH  + 2H,0. 

Mi  I II!?0 

HN— COH  NH,  HN— C— NH 

Iso-dialuric  Acid.  Uric  Acid. 

Fischer  and  Ach  prepared  uric  acid  from  the  pyrimidin  body 
pseudo-uric  acid.  This  on  fusion  with  oxalic  acid  or  better  on  boil- 
ing with  20  per  cent,  hydrochloric  acid  yields  uric  acid. 

HN— CO  HN— CO 

OC  CH.NH.CO.NH,  = OC  C-NH  + H,0. 

I II  j I!  v° 

HN— CO  HN— C— NH 

Pseddo-uric  Acid. 

The  interesting  syntheses  of  uric  acid  and  of  the  purin  bases  by 
Traube  (1900)  are  also  affected  through  the  intermediate  formation 
of  pyrimidin  bodies. 

Episarkin,  C4H6NsO. — This  base  was  isolated  by  Balke  in  1893 
from  urine.  From  about  1,600  liters  of  urine  only  about  0.4 
g.  was  obtained.  It  accompanied  the  hypoxanthin  silver  nitrate. 
The  mixture  on  digestion  with  dilute  ammonia  on  a water-bath 
gave  hypoxanthin-silver,  whereas  episarkin,  in  part,  passed  into 
solution.  The  solution  was  filtered,  and  the  slightly  ammoniacal 
filtrate  on  standing  for  twelve  hours  gave  a crop  of  small  needles 
of  episarkin.  The  hypoxanthin-silver  still  contained  an  admixture 
of  the  new  base,  as  was  found  by  decomposition  with  hydrogen 
sulphid  and  concentration. 

The  crystals  are  more  difficultly  soluble  in  water  and  their 
crystalline  form  is  distinctly  different  from  that  of  hypoxanthin.  A 
separation  can  best  be  accomplished  by  dissolving  the  mixture  of  the 
two  bases  in  as  little  dilute  ammonia  as  possible,  then  on  saturating 
this  solution  with  carbonic  acid  small  whetstone-shaped  needles 
separate.  In  this  respect  it  resembles  epiguanin.  When  recrystal- 
lized from  hot  water  it  yields  small  prisms  or  needles  which  may 
attain  a length  of  1 cm.  and  may  be  grouped  in  bunches.  They  are 
white  and  glassy,  and  when  dry  form  a felt-like  mass.  The  crystals 
are  permanent  and  do  not  effloresce. 

On  evaporation  with  concentrated  nitric  acid,  it  gives  a yellow 
residue  which  with  sodium  hydrate  becomes  paler.  On  evaporation 
with  nitric  acid  and  chlorin  water  (WeidePs  reaction),  it  gives  a 
white  residue  unaltered  by  ammonia.  When  evaporated  on  a water- 
bath  with  hydrochloric  acid  and  potassium  chlorate  it  leaves  a white 
residue,  which  becomes  colored  an  intense  violet  by  ammonia.  This 
reaction  certainly  shows  that  this  base  is  related  either  to  the 
purin  or  to  the  pyrimidin  bodies. 
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It  is  difficultly  soluble  in  hot  water ; almost  wholly  insoluble  in 
cold  water  (1  : Id, 000).  It  is  readily  soluble  in  dilute  hydrochloric 
acid,  from  which,  on  evaporation,  the  hydrochlorid  crystallizes  in 
easily  soluble,  pretty  needles.  The  base  does  not  yield  an  insoluble 
compound  with  sodium  hydrate,  though  it  is  possible  that  the  whet- 
stone-shaped crystals  mentioned  above  represent  an  ammonium  salt. 
With  silver  nitrate  it  gives  a precipitate  which  is  insoluble  in  nitric 
acid,  easily  soluble  in  ammonia.  In  other  respects  the  salt  resembles 
that  of  hypoxanthin.  Thus;  by  boiling  with  nitric  acid  (1.1  sp.  g.) 
a crystalline  silver  nitrate  compound  forms  which  probably  contains 
one  atom  of  silver,  and  on  digestion  with  dilute  ammonia  yields  a 
silver  compound  with  two  atoms  of  silver — since  a part  of  the  epi- 
sarkin  passes  into  the  filtrate  and  crystallizes  out  on  cooling.  The 
base  gives  white  precipitates  with  phosphotungstic  acid,  mercuric 
chlorid,  and  ammoniacal  lead  acetate. 

It  is  distinguished  from  adenin  and  hypoxanthin  by  its  almost 
complete  insolubility  in  cold  water ; from  the  latter  by  not  being 
precipitated  by  picric  acid,  and  by  not  giving  the  characteristic  ruby- 
red  coloration  in  the  alkalinized  filtrate,  after  reduction  with  zinc  and 
hydrochloric  acid  (page  370).  From  xanthin  it  is  distinguished 
by  the  absence  of  the  xanthin  reaction ; from  hetero-  and  paraxan- 
thin  by  the  absence  of  the  insoluble  sodium  compound  ; from  guanin 
and  adenin  by  not  clouding  at  53°,  and  by  the  picric  acid  reaction. 
The  fact  that  it  is  not  precipitated  by  picric  acid  and  is  precipitated 
by  ammoniacal  lead  acetate  distinguishes  it  from  epiguanin. 

Kruger,  in  1895,  from  tea  extract  isolated  a base  resembling 
somewhat  episarkin.  It  differed,  however,  from  the  latter  in  giving 
with  picric  acid  a very  fine  crystalline  compound.  It  was  more  soluble 
in  water,  and  gave  different  color  reactions. 

Nothing  definite  can  be  stated  regarding  the  constitution  of  epi- 
sarkin. The  formula  as  given  by  Balke  is  open  to  the  objection  that 
the  sum  of  the  hydrogen  and  nitrogen  atoms  is  an  odd  number. 
Changing  for  this  reason  the  number  of  hydrogen  atoms  to  five,  we 
would  then  have  a compound,  C4H7N30.  Such  a body  may  be 
looked  upon  as  an  amino  derivative  of  uracil  to  which  it  would 
bear  the  same  relation  that  guanin  bears  to  xanthin.  This  relation- 
ship to  the  pyrimidin  group  would  be  expressed  by  the  structural 
formula  : 


According  to  this  structure  episarkin  with  nitrous  acid  should 
yield  uracil  and  on  cleavage  should  give  guanidiu.  Furthermore, 
it  would  appear  to  be  derived  from  guanin.  Thymin  itself  may  be 
looked  upon  as  a cleavage  and  oxidation  product  of  epiguanin. 
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A Base,  C4H5N50,  was  obtained  by  Gautier  from  fresh  muscle 
tissue  of  beef,  according  to  the  method  given  on  page  455,  and  on 
account  of  a resemblance  in  some  of  its  properties  with  xanthin  he 
named  it  pseudoxanthin.  This  name  is  very  inappropriate,  not 
only  because  it  differs  so  much  in  its  empirical  formula  from  that  of 
xanthin,  C6H4N402 , but  also  because  the  term  pseudoxanthin  has 
already  been  applied  by  Schultzen  and  Filehne  to  a body  isomeric 
with  xanthin,  which  was  obtained  by  the  action  of  sulphuric  acid 
on  uric  acid. 

The  free  base  forms  a light  yellow  powder,  slightly  soluble  in  cold 
water,  soluble  in  weak  alkali  and  in  hydrochloric  acid.  The  hydro- 
ehlorid  is  very  soluble,  and  it  forms  stellate  prisms  with  curved 
faces,  which  resemble  the  corresponding  salt  of  hypoxanthin,  and  to 
some  extent,  also,  the  whetstone-shaped  crystals  of  uric  acid. 

Like  xanthin,  its  aqueous  solution  is  precipitated  in  the  cold  by 
mercuric  chlorid,  silver  nitrate,  and  by  ammoniacal  lead  acetate,  but 
not  by  normal  lead  acetate.  On  evaporation  with  nitric  acid,  the 
residue  gives,  on  contact  with  potassium  hydrate,  as  in  the  case  of 
xanthin,  a beautiful  orange-red  coloration  (xanthin  reaction).  It 
differs  from  xanthin,  not  only  in  its  empirical  composition,  but  also 
in  its  greater  solubility  and  in  its  crystalline  form.  It  is  possible 
that  this  base,  on  account  of  its  great  resemblance  to  xanthin,  may 
have  been  mistaken,  at  different  times,  for  that  compound.  It  is  to 
be  noted,  however,  that  this  base  has  not  been  met  since  Gautier’s 
work.  If  the  formula  given  is  correct,  the  base  may  be  considered 
as  a pyrimidin  body,  such  as  a di-imido  derivative  of  the  preceding. 

HEXON  BASES. 

The  purin  bases  through  the  studies  of  Kossel  have  been  shown 
to  be  derivatives  of  the  nuclein  which  exist  within  the  nuclei  of  cells. 
They  are  therefore  to  be  looked  upon  as  essentially  products  of  nuclear 
metabolism  and  more  especially  of  the  nucleinic  acids.  If  the  results 
obtained  by  Bang  with  guanylic  acid,  a nucleinic  acid  from  the  pancreas, 
be  correct  and  hold  true  for  the  other  nucleinic  acids  then  all  the  nitro- 
gen contained  in  these  acids  is  in  the  purin  form  and  hence  would  leave 
the  body  to  some  extent  as  purin  bases,  but  chiefly  in  the  oxidized 
form  as  uric  acid.  A portion  of  the  purin  bodies,  however,  may 
undergo  hydrolytic  change  and  appear  in  the  urine  as  pyrimidin 
derivatives  or  even  in  the  more  simple  form  of  allantoin,  creatinin  and 
urea.  The  presence  of  allantoin  and  oxalic  acid  in  urine  and  even 
in  sprouts  is  thus  accounted  for. 

On  the  other  hand  extensive  investigations  carried  on  during  the 
past  ten  years  have  shown  the  existence  of  a group  of  basic  sub- 
stances characteristic  of  proteid  bodies  and  in  no  wise  related  to  the 
nucleinic  acids  and  their  products.  These  basic  substances  have 
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been  designated  by  Kossel  as  the  hexon  bases  inasmuch  as  they  con- 
tain six  carbon  atoms. 

Argiuin  the  first  known,  and  perhaps  the  most  important  member 
of  this  group,  was  discovered  by  Schulze  and  Steiger1  in  1886  in 
lupine  sprouts  wherein  it  is  formed  as  a result  of  the  energetic  pro- 
teid  disintegration  which  takes  place  in  the  developing  plant.  The 
base  exists  preformed  in  the  cotyledons  inasmuch  as  it  can  be  ex- 
tracted from  these  by  water  alone  without  the  aid  of  hydrolytic 
agents.  In  this  way  the  dry  sprouts  yielded  as  much  as  3.5  per 
cent,  of  arginin.  Nine  years  later  Hedin2  demonstrated  that 
arginiu  could  be  obtained  by  the  hydrolytic  cleavage  of  a number 
of  proteid  substances.  On  decomposing  these  by  boiling  with  hy- 
drochloric acid  and  tin,  he  obtained  variable  amounts  of  the  base  as 
shown  below  and  at  no  time  was  the  quantity  as  large  as  that  ob- 
tained by  Schulze  from  sprouts. 

The  yield  was  as  follows  : 

Conglutin,  2.75  per  cent.  Egg  albumin,  0.8  percent. 

Gelatin,  2.6  “ “ Blood  serum,  dried,  0.7  “ “ 

Horn,  2.5  “ “ Casein,  0.25  “ “ 

Yolk  albumin,  2.3  “ “ 

As  yet  no  proteid  is  known  which  does  not  yield  arginin  on 
hydrolysis.  Elastin  which  was  studied  by  Berg  and  by  Hedin  was 
supposed  to  be  free  from  arginin  but  Kossel  and  Kutscher3  showed 
by  means  of  improved  methods,  that  it  did  contain  about  0.3  per 
cent,  of  the  base.  Subsequently  lysin  was  also  shown  to  be  present. 
Of  the  total  nitrogen  contained  in  the  young  sprouts  of  pine  and  fir 
21  to  29  per  cent.,  according  to  Schulze,4  is  represented  by  arginin 
while  the  proteid  from  the  seeds  of  the  same  plants  on  cleavage  with 
hydrochloric  acid  and  tin  yield  as  much  as  10  per  cent,  of  the  base. 
On  a subsequent  occasion  a yield  of  only  6 per  cent,  was  obtained 
from  fir  seeds.  The  proteids  contained  in  the  seeds  of  plants  are 
apparently  extremely  rich  in  arginin  which  is  set  free  during  the 
active  proteid  destruction  which  ensues  during  germination.  This 
becomes  readily  comprehensible  when  it  is  remembered  that  tryptic 
ferments  are  brought  into  being  in  the  process  of  germination 
(Butkewitch)  and  that  the  hydrolytic  cleavage  which  these  ferments 
induce  is  analogous  to  that  produced  by  acids,  and  corresponds  to 
the  pancreatic  digestion  of  proteids.  This  fact  will  be  rendered  the 
more  apparent  on  comparison  of  the  digestion  products  formed  by 
trypsin  and  the  following  bodies  which  Schulze 5 has  isolated  and 

x Zeits.  physiol.  Chem.,  11,  44  (1886). 

3 Zeits.  physiol.  Chem.,  21,  155  (1895);  20,  186  (1894). 

3 Zeits.  physiol.  Chem.,  25,  551  (1898)  ; 31,  205. 

* Zeits.  physiol.  Chem.,  22,  435  ; 25,  360. 

5 Zeits.  physiol.  Chem.,  28,  470. 
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shown  to  exist  preformed  in  germinating  plants  : Leucin,  tyrosin, 
phenyl  alanin,  amido  valerianic  acid,  asparagin,  glutamin,  arginin, 
histidin  and  lysin. 

The  three  last  mentioned  substances,  the  hexon  bases,  have  been 
only  recently  shown  to  be  products  of  tryptic  digestion.  Indeed, 
the  studies  of  Kutscher  1 have  shown  that  the  so-called  antipepton  is 
not  a chemical  substance  possessing  a definite  formula,  C10H16N3Os, 
as  Siegfried  believes,  but  is  rather  a heterogeneous  mixture  from 
which  he  was  able  to  isolate  leucin,  tyrosin,  aspartic  and  glutamic 
acids,  arginin,  histidin  and  lysin.  In  other  words  trypsin,  like  sul- 
phuric acid,  if  given  sufficient  time  will  completely  split  up  the  pro- 
teid  molecule  and  will  not  stop  short,  as  has  been  heretofore  held 
with  a resistant  antipepton.  An  exactly  similar  condition  is  met 
with  in  the  auto-digestion  of  yeast  where  not  only  xanthin  bases  and 
amido  acids,  but  also  hexon  bases  form  (Kutscher2).  It  is  of  interest 
to  note  that  according  to  Levene 3 arginin,  histidin  and  uracil,  and 
possibly  thymin,  are  formed  during  the  auto-digestion  of  the  pancreas. 
From  the  liver  of  a case  of  acute  yellow  atrophy  Taylor  obtained 
leucin  and  asparaginic  acid  but  no  hexon  or  purin  bases.  Hedin  4 
was  the  first  to  point  out  the  presence  of  lysin  in  tryptic  digestion  of 
fibrin  and  Kossel  and  Mathews  found  the  three  hexon  bases  in  the 
similar  digestion  of  sturin. 

The  investigations  of  Lawrow 5 show  that  the  proteid  molecule  is 
also  destroyed  in  peptic  digestion.  Thus  in  the  sterile  auto-digestion 
of  pigs’  stomachs  he  obtained  leucin,  asparaginic  and  amido  valerianic 
acids  but  no  tyrosin.  Hexon  bases  were  not  present  but  instead 
large  amounts  of  cadaverin  and  putrescin.  The  latter  two  bases 
undoubtedly  resulting  by  the  pepsin  hydrolysis  of  the  proteid.  A 
somewhat  similar  result  was  obtained  by  Kutscher 6 in  the  auto-diges- 
tion of  the  thymus  gland.  Of  still  greater  significance  is  the  observa- 
tion of  Kutscher  and  Seemann 7 that  in  the  small  intestines  albu- 
moses  and  peptons  are  nearly  absent  and  that  leucin,  tyrosin,  lysin 
and  arginin  are  present  as  a result  of  energetic  tryptic  action. 

Haslam 8 has  shown  that  the  three  bases  exist  in  different  amounts 
in  deutero-  and  hetero-albumose.  Hart9  found  that  the  yield  of 
hexon  bases  was  about  the  same  in  syntonin  and  protalbumose  whereas 
in  heteroalbumose  the  relative  amounts  were  different  and  to  a cer- 
tain extent  depended  upon  the  quantity  of  salt  present. 

According  to  Emmerling10  the  enzyme  papayotin  acting  on  blood 

1 Zeits.  physiol.  Chem,,  25,  195  ; 26,  110  ; 28,  88  (1899). 

2 Zeits.  physiol.  Chern.,  32,  59. 

3 Zeits.  physiol.  Chem,,  32,  540  (1901). 

4 Zeits.  physiol.  Chem.,  21,  298. 

6 Zeits.  physiol.  Chem.,  26,  512  ; 33,  312. 

6 Zeits.  physiol.  Chem.,  34,  117. 

7 Zeits.  physiol.  Chem.,  34,  543. 

8 Zeits.  physiol.  Chem.,  32,  54. 

9 Zeits.  physiol.  Chem.,  33,  347. 

10  Berichte,  35,  695,  700  (1902). 
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fibrin  in  the  presence  of  toluol  yields  not  only  albumose  and  pepton 
but  also  simpler  cleavage  products  such  as  arginin,  leucin,  tyrosin, 
glycocoll,  alanin,  phenyl  alanin,  asparaginic  and  glutamic  acids.  The 
enzyme  of  B.  fluorescens  liquefaciens  under  like  conditions  gave 
arginin,  leucin  and  asparaginic  acids. 

It  is  evident  from  what  has  been  said  that  arginin  and  the  other 
hexon  bases  exist  preformed  in  the  proteid  molecule  and  that  they 
are  liberated  or  split  off  by  the  action  of  acids  and  of  tryptic  enzymes 
and  by  oxidation  with  potassium  permanganate  (Jolles).  A most 
interesting  question  arises  as  to  whether  these  hexon  bases  are  also 
liberated  in  the  tissue  metabolism  of  the  body.  Already  Gule- 
witsch 1 has  shown  that  the  spleen,  on  standing  with  thymol  for 
eighteen  hours,  contains  arginin.  This  may  be  due  to  initial  hy- 
drolysis, especially  since  it  is  known  that  the  spleen  and  other  organs 
of  the  body  contains  an  active  proteolytic  enzyme  (Hedin  and  Row- 
land).2 As  yet  the  hexon  bases  have  not  been  detected  in  the  urine, 
but  it  is  not  unreasonable  to  suppose,  inasmuch  as  they  are  unques- 
tionably antecedents  of  urea,  that  they  will  appear  in  the  urine  when 
normal  urea  formation  is  interfered  with.  The  marked  resemblance 
which  arginin  bears  to  creatinin  and  to  the  leucomains  of  that  group 
was  pointed  out  from  the  first  by  Schulze. 

The  second  member  of  the  hexon  group,  lysin,  we  owe  to  the 
brilliant  investigation  of  Drechsel3  (1890)  on  the  cleavage  products 
of  casein.  On  boiling  casein  with  hydrochloric  acid  and  tin  he  ob- 
tained ammonia,  amido  acids,  and  two  bases  lysin  and  lysatinin. 
Fischer,  a pupil  of  Drechsel,  obtained  the  same  products  by  hydro- 
lyzing gelatin  iu  like  manner  (Inaug.  Diss.  1890).  Subsequently, 
Siegfried4  showed  that  a number  of  proteids,  conglutin,  gluten- 
fibrin,  hemiprotein,  oxyprotosulfonic  acid  and  egg  albumin  also 
yielded  the  two  bases  found  by  Drechsel.  Hedin  isolated  lysin 
from  horn,  casein,  conglutin,  egg  albumin,  yolk  albumin,  and  blood 
serum.  By  employing  the  same  method  Schwarz5  obtained  from 
the  elastin  of  the  aorta  some  lysatinin.  In  1895,  however,  Hedin  4 
showed  that  lysatinin  was  really  a mixture  of  equal  molecules  of 
lysin  and  arginin.  Since  then  lysin  has  been  found  associated  with 
arginin  and  histidin  in  various  proteids  of  animal  origin  with  the 
exception  of  the  several  protamins  indicated  in  the  subjoined  table. 
Its  presence  in  “ anti  pepton  ” and  in  tryptic  digestion  of  fibrin  and 
sturin  has  already  been  referred  to.  Schulze7  rounded  out  his 
studies  on  arginin  in  plants  by  showing  that  both  lysin  and  histidin 
were  also  present  in  lupine  sprouts  and  in  the  seeds  of  the  fir.  The 

1 Zeiti i.  physiol.  Chem.,  30,  533  (1900). 

*Zdt*.  physiol.  Chem.,  32,  341,  531,  1901. 

3 Berichte,  23,  3096. 

4 Berichte , 24,  418,  1891. 

sZeits.  physiol.  Chem.,  18,  487. 

6 Zeds,  physiol,  Chem.,  21,  297,  1895  ; 20,  186. 

7 Zeiis.  physiol.  Chem.,  28,  459,  465. 
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three  bases  therefore  result  as  a rule  simultaneously  in  the  hydro- 
lytic cleavage  of  proteids  irrespective  as  to  whether  this  is  induced  by 
acids  or  by  enzymes.  From  the  table  given  below  it  will  be  seen 
that  lysin  is  not  only  absent  from  several  protamins  but  also  from 
the  alcohol  soluble  proteids  of  wheat  and  maize.  In  the  latter  case 
it  is  noteworthy  that  the  absence  of  lysin  is  associated  with  an  un- 
usually large  amount  of  ammonia.  Levene  and  Mendel,1  it  should 
be  noted,  obtained  by  hydrolysis  of  edestin,  the  crystalline  proteid 
from  hemp-seed,  arginin,  histidin  and  undoubtedly  lysin.  Accord- 
ing to  Schulze  and  Winterstein  2 edestin  and  the  proteid  from  seeds 
of  conifers  yields  more  arginin  than  do  other  vegetable  proteids. 
Edestin  gave  11  percent,  arginin;  1.17  per  cent,  histidin  and  1.3 
per  cent,  lysin. 

The  splendid  researches  of  Kossel 3 on  the  protamins  and  their 
cleavage  products  led  to  the  discovery  of  histidin,  the  third  hexon 
base.  Undoubtedly,  histidin  was  obtained  by  Siegfried  in  his  studies 
on  the  cleavage  products  of  proteids  (1891),  but  it  remained  for 
Hedin 4 to  clearly  demonstrate  its  presence  among  the  hydrolytic 
products  of  casein,  egg  albumin,  blood  serum  and  horn.  Since  then 
it  has  been  found  as  a constant  cleavage  product  of  the  more  com- 
plex animal  and  plant  proteids. 

Recently  Kossel  and  Kutscher 5 have  carried  out  a most  careful 
study  upon  the  quantitative  distribution  of  the  hexon  bases  in  the 
different  proteids.  Their  results  in  per  cent,  are  given  in  the  fol- 
lowing table  : 


Sal  min. 

Clupein. 

Cyclopterin. 

Sturin. 

Histon 

(Thymus). 

Histon 

(Gadus). 

Gelatin. 

Gluten-Casein. 

Gluten-fibrin, 

Mucedin. 

fl* 

'S 

aJ 

3 

a 

N 

Arginin. 

84.3 

82.2 

62.5 

58.2 

14.36 

15.52 

9.3 

4.4 

3.05 

3.13 

2.75 

1.82 

Lysin. 

0 

0 

o 

12.0 

7.7 

8.30 

5-6 

2.15 

0 

0 

0 

0 

Histidin. 

0 

0 

0 

12.9 

1.21 

2.34 

small 

1.16 

1.53 

0.43 

1.20 

0.81 

Ammonia. 

0 

0 

— 

0 

1.66 

0.74 

0.3 

2.45 

3.89 

4.23 

4.1 

2.56 

Arginin,  it  will  be  seen,  is  a constant  constituent,  and  is  by  far  the 
most  abundant  of  the  hexon  bases.  The  amounts  found  in  several 
instances  are  higher  than  those  which  Hedin  obtained  (p.  423). 
Hedin’s  results  represent  the  minimum  values  obtained  by  a some- 
what imperfect  method.  For  the  amounts  of  arginin  in  seeds,  sprouts 
and  in  elastin  see  p.  423. 


1 Am.  Journ.  Physiol.,  6,  48,  1901. 

3 Zeits.  physiol,  t hem.,  33  , 557. 

3 Zeits.  physiol.  Chem.,  22,  178,  1896. 

1 Zeits.  physiol.  Chem.,  22,  191. 

5 Zeits.  physiol.  Chem.,  31,  207,  1900. 
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The  method  which  Kossel  and  Kutscher  1 have  employed  for  the  isola- 
tion and  separation  of  the  hexon  bases  in  a very  condensed  form  is  as  fol- 
lows : For  every  gram  of  proteid  3 c.c.  of  concentrated  H,S04  and  6 c.c. 
of  water  are  taken  and  the  mixture  is  boiled  for  14  hours  under  an  inverted 
condenser.  The  liquid  is  then  made  up  to  a definite  volume  and  the  total 
nitrogen  in  a definite  portion  can  be  determined.  Hot,  saturated  baryta 
is  then  added  till  only  a slight  acidity  remains,  after  which  the  BaS04  is 
drained  and  thoroughly  washed.  The  filtrate  and  wash-water  are  com- 
bined and  the  total  nitrogen  in  a portion,  is  again  determined.  The 
difference  represents  the  nitrogen  in  the  humin  substances , which  are 
dragged  down  with  the  BaS04. 

In  another  portion  the  ammonia  is  determined  by  distillation  with  mag- 
nesia. The  ammonia  is  expelled  from  the  remaining  total  fluid  by  evap- 
oration with  magnesia.  The  combined  ammonia-free  fluids  are  then  ren- 
dered strongly  alkaline  with  baryta  and  the  resultant  precipitate  is 
thoroughly  washed.  The  filtrate  and  wash-water  are  combined  and  acid- 
ulated with  H,S04.  The  precipitate  which  forms  is  likewise  thoroughly 
washed  and  the  liquids  are  united,  made  up  to  a definite  volume  and  the 
total  nitrogen  in  a portion  again  determined  = Humin  nitrogen  II. 

To  separate  the  bases  present  arginin  and  histidin  are  precipitated  to- 
gether, while  the  lysin  remains  in  solution.  For  this  purpose  the  acid 
liquid  is  diluted,  heated  on  the  water-bath  and  silver  sulphate  is  added 
till  a drop  of  the  liquid  added  to  an  excess  of  baryta  yield  a yellow  pre- 
cipitate. When  this  point  is  reached  the  liquid  is  cooled  to  40°  and  sat- 
urated with  baryta.  The  precipitate  of  arginin-  and  histidin-silver  is 
removed  at  once  and  washed  thoroughly  with  baryta. 

To  separate  the  arginin  and  histidin,  the  precipitate  is  suspended  in 
dilute  sulphuric  acid  and  decomposed  with  hydrogen  sulpliid.  The  sul- 
phid  precipitate  is  removed  and  thoroughly  washed.  The  combined  fil- 
trates are  evaporated  to  expel  the  gas,  then  made  up  to  a definite  volume 
and  the  total  nitrogen  in  a portion  is  determined.  The  solution  is  then 
neutralized  with  baryta,  after  which  barium  nitrate  is  added  till  all  the 
sulphuric  acid  is  precipitated.  The  precipitate  is  removed  and  well  washed. 
The  filtrates  are  united,  concentrated  to  about  300  c.c.,  after  which  silver 
nitrate  is  added  until  a drop  of  the  liquid  when  added  to  an  excess  of 
baryta  gives  a yellow  precipitate.  The  solution  is  carefully  neutralized 
with  baryta,  after  which  the  reagent  is  added  from  a burette  in  small  por- 
tions at  a time  till  all  the  histidin  has  been  precipitated.  This  point  is 
reached  when  a portion  of  the  liquid  slowly  added  to  weak  ammoniacal 
silver  nitrate  yields  no  precipitate.  If  a precipitate  forms  and  is  soluble 
in  excess  of  ammonia,  histidin  is  present. 

The  histidin-silver  precipitate  is  filtered  off  and  washed  well.  The  fil- 
trates contain  arginin.  To  separate  the  histidin  the  precipitate  is  suspended 
in  water,  acidulated  with  II,S04,  and  decomposed  with  hydrogen  sulphid. 
The  combined  filtrate  and  wash-water  are  then  freed  from  sulphuric  acid 
by  means  of  baryta.  The  latter  is  removed  and  the  final  filtrate  is  evap- 
orated to  dryness.  The  residue  is  taken  up  with  silver  nitrate  solution  to 
which  a drop  of  nitric  acid  was  added  and  the  solution  is  filtered.  The 
filtrate  on  evaporation  yields  the  crystalline  histidin  dichlorid,  which  is  dried 
in  a vacuum  at  40°  and  weighed. 

The  above  arginin  filtrate  is  saturated  with  powdered  baryta  and  the 
resultant  precipitate  is  well  washed,  after  which  it  is  suspended  in  acidu- 
lated water  and  decomposed  with  hydrogen  sulphid.  The  combined  fil- 
trates are  evaporated  and  then  made  up  to  a definite  volume.  The  nitro- 
gen in  a portion  is  determined  and  the  total  amount  of  arginin  is  calcu- 

* Zeits.  physiol.  Chem.,  31,  166-178  ; 25,  178. 
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lated.  The  liquid  is  then  freed  from  acid  by  baryta  and  from  the  latter  by 
carbonic  acid,  after  which  it  is  neutralized  with  nitric  acid  and  evaporated. 
When  dried  in  a vacuum  it  can  be  weighed  as  the  neutral  nitrate  C,H14 
N40,.HNOs  + JH,0.  The  arginin  may  also  be  estimated  polarimetrically, 
or  as  the  acid  di-nitrate. 

The  lysin  is  contained  in  the  original  filtrate  from  the  histidin  and 
arginin  silver  precipitate.  To  isolate  it,  the  solution  is  acidulated  and  the 
silver  removed  with  hydrogen  sulphid.  The  combined  filtrate  and  wash- 
water  is  concentrated  to  about  500  c.c.,  and  after  sulphuric  acid  is  added 
to  make  a 5 per  cent,  solution  it  is  precipitated  with  phosphotungstic 
acid.  The  precipitate  is  thoroughly  washed.  It  contains  most  of  the 
lysin  and  a small  amount  of  mono-amido  acids.  The  bulk  of  the  latter  is 
contained  in  the  filtrate.  The  precipitate  is  decomposed  with  baryta  and 
filtered.  The  combined  filtrate  after  removal  of  excess  of  barium  with 
carbonic  acid  is  evaporated  to  dryness.  The  residue  is  taken  up  in  water, 
filtered,  and  the  filtrate  is  again  evaporated  to  dryness.  The  residue  is 
now  taken  up  in  alcohol  and  an  alcoholic  picric  acid  solution  is  added, 
carefully  avoiding  an  excess.  The  precipitate  is  filtered  off,  washed  with 
a little  absolute  alcohol  and  then  is  dissolved  in  boiling  water.  The  solu- 
tion after  concentration  and  cooling  yields  needle-shaped  crystals  which 
are  filtered  off,  washed  and  weighed  as  lysin  picrate.  Some  lysin  remains 
in  the  mother  liquors. 

Instead  of  decomposing  the  phosphotungstic  acid  precipitates  with  baryta 
Winterstein  advises  extraction  with  ether  and  hydrochloric  acid  (Z.  P.  C., 
34,  154). 

It  should  be  noted  in  this  connection  that  the  amount  of  lysin  and  oi 
ammonia  in  proteid  cleavage  depends  upon  the  amount  of  salt  present. 
When  salt  is  present  the  nitrogenous  humin  substances  are  decreased  and 
the  yield  of  lysin  and  ammonia  is  increased  (Hart,  Z.  P.  C.,  33,  347). 

PROTAMINS  AND  HISTONS. 

By  far  the  most  fruitful  result  of  the  study  of  the  hexon  bases  is 
the  light  which  has  been  shed  upon  the  composition  of  the  proteids. 
Moreover  a better  insight  has  been  gained  into  the  nitrogen  metab- 
olism of  the  body.  The  fact  that  arginin  on  hydration  with  baryta 
yields  urea  indicates  the  existence  of  a urea  or  rather  guauidin  group 
in  that  base  and  hence  in  every  proteid.  From  the  constitution  of 
arginin  and  lysin  (p.  437,  444)  it  will  be  seen  that  these  represent 
respectively  diamidovalerianic  and  diamidocaproic  acids.  It  is  by  the 
cleavage  of  these  acids  that  bacteria  (and  enzymes,  Lawrow)  yield 
the  well  known  ptomai'ns  cadaverin  and  putrescin.  The  presence  of 
these  ptomai'ns  in  cystinuria  is  now  more  readily  understood.  The 
monamido  acids  represented  bv  leucin,  tyrosin,  asparaginic  acid  and 
phenyl  alanin,  make  up  a third  type  of  nitrogen  combination  in  the 
proteid  molecule.  The  liberation  of  ammonia  by  hydrolytic  change, 
as  seen  in  the  table  on  p.  426,  indicates  the  existence  of  a fourth  as 
yet  unknown  nitrogen  group.  The  bulk  of  the  proteid  nitrogen  is 
therefore  found  in  the  four  groups  mentioned.  The  fact  that  am- 
monia and  amido  acids  are  changed  in  the  body  into  urea,  when 
applied  to  the  proteid  molecule  as  thus  understood,  readily  explains 
the  transformation  of  the  greater  part  of  the  nitrogen  of  our  food 
into  the  final  waste  product,  urea. 
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The  simplest  group  of  proteids  are  the  protarains.  We  owe  the 
discovery  of  these  bodies  as  well  as  of  nucleins  to  Miescher  1 who  in 
1874  isolated  the  first  known  representative  of  this  group.  By 
means  of  dilute  hydrochloric  acid  Miescher  extracted  from  the  sper- 
matozoa of  the  salmon  two  new  bodies  protamin,  a base,  and 
nucleinic  acid.  Piccard  2 in  the  same  year  extended  somewhat  the 
investigation  of  Miescher  by  ascribing  a different  formula  and 
demonstrating  the  presence  of  xanthin  bases  in  Miescher’s  prep- 
arations. During  the  ensuing  twenty  years  protamin  was  apparently 
wholly  forgotten  and  its  nature  remained  therefore  uncertain.  Since 
1894,  however,  we  know  through  the  labors  of  Kossel  and  his  pupils 
that  Miescher’s  substance  is  one  of  a number  of  closely  allied  bodies. 
For  this  group  Kossel 3 reserves  the  original  term  protamin  and 
designates  the  individual  compounds  according  to  their  source. 
Thus,  Miescher’s  protamin  since  it  is  derived  from  the  salmon  is 
known  as  salmin  ; that  from  the  sturgeon  becomes  sturin  ; while  the 
herring  yields  dupein.  To  these  may  be  added  scornbrin 4 from  the 
spermatozoa  of  the  mackerel ; cydopterin 6 from  the  Cyclopterus 
lumpus  (sea-hare)  ; acdpenserin 8 from  Accipenser  stellatus  ; and 
silurin  from  the  shad  (Silurus  glanis).  From  tubercle  bacilli  Ruppel 7 
isolated  a protamin  to  which  he  has  given  the  name  tubei-cidosamin. 
A similar  body  it  may  be  stated  has  been  obtained  from  the  colon 
bacillus  by  Vaughan.  The  closely  related  histon  bodies  are  considered 
on  p.  434. 

From  the  evidence  thus  far  gathered  it  is  clear  that  the  protamins 
are  by  no  means  widely  distributed  in  nature.  As  a rule  they  are 
present  in  the  mature  spermatozoa  of  fish.  The  immature  sperma- 
tozoa on  the  other  hand  are  believed  to  contain  chiefly  histon.  Ap- 
parently, protamins  are  not  present  in  the  spermatozoa  of  the  higher 
animals.  Miescher  failed  to  find  it  in  those  of  the  steer  and  Math- 
ews8 likewise  failed  to  isolate  it  from  the  steer  and  boar. 

The  one  property  which  is  common  to  all  proteids,  so  far  as  our 
knowledge  at  present  extends,  is  the  formation  of  hexon  bases  on 
cleavage.  From  the  table  on  p.  426  it  will  be  seen  that  arginin  is 
present  in  remarkably  large  quantity  in  the  several  protamins. 
Moreover,  these  bodies  yield  the  biuret  reaction  and  are  converted 
by  trypsin  into  “ protons,”  the  analogues  of  pepton,  and  eventually 
into  the  hexon  bases.  It  is  because  of  these  facts  that  the  protamins 
are  regarded  as  the  simplest  of  proteids.  In  the  spermatozoa  pro- 
tamin undoubtedly  exists  in  a salt-like  combination  with  nucleinic 

1 Zeits.  physiol.  Chem.,  22,  177. 

2Berichtc,  7,  1714. 

3Zeils.  physiol.  Chern.,  22,  180,  1896. 

lZeits.  physiol.  Chem.,  26,  524,  1898. 

tZeils.  physiol.  Chem.,  28,  313,  1899. 

6 Zeils.  physiol.  Chem.,  32,  200,  1901. 

7 Zcits.  physiol.  Chem.,  26,  231,  1S98. 

8 Zeits.  physiol.  Chem.,  23,  399,  1897. 
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acid.  From  the  investigations  of  Mathews  it  would  seem  that  the 
chromatin  of  these  cells  in  the  case  of  the  herring  is  a combination 
of  equal  molecules  of  clupein,  C„H.yN„0((,  and  nucleinic  acid, 

cato. 

According  to  Kossel 1 the  group  or  combination  which  yields  the 
hexon  bases  is  characteristic  of  all  proteids  and  is  therefore  to  be 
considered  as  the  nucleus  of  the  proteid  molecule.  In  the  simplest 
proteids  like  salmin  and  clupein  this  nucleus  yields  but  one  base, 
arginin.  In  others,  as  shown  in  the  table  on  p.  426,  this  nucleus  is 
a trifle  more  complex  since  it  yields  two  bases,  arginin  and  histidin. 
And  lastly,  as  it  exists  in  the  majority  of  proteids  it  yields  all  three 
hexon  bases. 

The  simplest  protamins  are  rendered  a trifle  more  complex  by  the 
addition  of  monoamido  acids  to  the  nuclear  group.  Thus,  clupein 
contains  amido  valerianic  acid  but  no  lysin.  Again,  cyclopterin 
unlike  other  protamins  contains  an  aromatic  group  which  is  split  off 
as  tyrosin  (8.3  per  cent.).  The  complexity  of  the  molecule  may 
continue  to  grow  by  the  addition  of  other  monamido  acids  like  leucin, 
glycocoll,  tyrosin,  asparginic  and  glutamic  acid.  Eventually,  the 
molecule  is  increased  by  the  introduction  of  groups  containing  other 
elements,  such  as  sulphur,  iron,  and  even  iodin.  The  growth  of 
more  complex  proteids  is  seen  in  the  fact  observed  by  Kossel 2 3 that 
protamins  precipitate  albumin  and  albumoses  and  give  rise  to  histon- 
like  bodies.  Kutscher  has  observed  a similar  behavior  between 
albumoses  and  other  proteids.  Again,  the  relatively  simple  proteids 
unite  with  entirely  different  groups,  such  as  carbohydrates  yielding 
glycoproteids ; or  with  nuclein  yielding  nucleoproteids  ; with  hema- 
tin  giving  rise  to  hemoglobins. 

The  protamins  are  isolated  according  to  the  method  of  Kossel ;t 
For  this  purpose  the  mature  testicles  are  finely  divided,  shaken  up 
with  water  and  strained  through  gauze.  The  milky  liquid  is  pre- 
cipitated by  careful  addition  of  acetic  acid.  The  precipitated  sper- 
matozoa are  boiled  with  alcohol  and  finally  extracted  with  ether. 
500  c.c.  of  a one  per  cent,  solution  of  sulphuric  acid  are  added  to 
each  100  g.  of  the  dried  spermatic  cells  and  the  mixture  thoroughly 
shaken  for  one  quarter  of  an  hour.  The  liquid  is  filtered  off  and 
the  residue  is  extracted  six  times  in  the  same  way.  The  addition  of 
salt  favors  the  deposition  of  the  precipitate.  The  combined  aqueous 
extracts  are  precipitated  by  the  addition  of  three  volumes  of  alcohol. 
After  decantation  the  precipitate  of  protamin  sulphate  is  drained, 
then  dissolved  in  hot  water  and  re-precipitated  with  alcohol.  To 
remove  traces  of  nucleinic  acid,  the  precipitate  is  dissolved  in  warm 
water  and  reprecipitated  with  sodium  picrate.  The  deposit  is 

1 Zeits.  physiol.  Chem.,  25,  186,  1898. 

* Zeils.  vhysiol.  Chem.,  22,  178. 

3 Zeits.  physiol.  Chem.,  22, 178  ; 25,  166  ; 32,  198. 
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washed  thoroughly,  dissolved  in  sulphuric  acid  and  from  the  solution 
the  picric  acid  is  removed  with  ether.  The  protamin  sulphate  *"is 
then  thrown  down  with  alcohol  and  the  whole  process  is  repeated  if 
necessary  till  the  substance  forms  a white  flocculent  precipitate. 

The  protamine  are  strong  bases  and  the  aqueous  solution  possesses 
a marked  alkaline  reaction.  With  acids  they  form  well  defined 
salts.  The  sulphates  usually  form  a white  powder  which,  in  the 
case  of  sturin  and  accipenserin,  is  very  soluble  in  water.  The  sul- 
phate of  clupein  is  soluble  in  warm  water  and  separates  out  on  cool- 
ing as  oily  globules.  The  solutions  of  protamins  are  levo-rotatory 
and  give  the  biuret  reaction  in  the  cold.  Cyclopterin  is  the  only 
protamin  which  gives  the  Millon  test  thus  indicating  the  presence  of 
an  aromatic  group.  From  it  Kossel  and  Kutscher  obtained  8.3  per 
cent,  of  tyrosin.  Clupein  gave  amido  valerianic  acid.  In  the  pres- 
ence of  ammonia  they  precipitate  pepton  solutions.  It  is  of  inter- 
est to  note  that  the  sulphates  are  precipitated  by  saturated  salt  or 
ammonium  sulphate  solutions.  The  protamins  are  precipitated  by 
the  usual  alkaloidal  reagents  even  in  neutral  or  slightly  alkaline 
solutions.  In  this  respect  they  differ  from  the  peptons  and  albu- 
moses  which  require  an  acid  reaction.  Sodium  tungstate,  phospho- 
tungstate,  chromate,  ferrocyanid,  picrate  and  solutions  of  iodin  and 
bromin  give  precipitates.  Benzoyl  chlorid,  silver  nitrate  and  mer- 
curic chlorid  likewise  precipitate  the  protamins.  They  are  also 
thrown  down  as  cuprous  compounds  by  copper  sulphate  and  sodium 
hyposulphite. 

On  boiling  with  dilute  sulphuric  acid  for  a short  time  the  pro- 
tamins hydrolyze  partially,  forming  substances  which  may  be  com- 
pared to  the  peptons.  To  these  primary  cleavage  products  Kossel 
has  applied  the  term  proton.  On  prolonged  boiling  with  acid  these 
are  decomposed,  giving  rise  to  the  hexon  bases.  Kossel  and  Mathews 
have  shown  that  while  pepsin  is  without  effect  on  the  protamins, 
trypsin  decomposes  them,  like  an  acid,  yielding  protons  and  eventu- 
ally the  hexon  bases.  In  this  case  the  biuret  reaction  disappears  as  in 
the  auto-digestion  of  the  pancreas.  In  this  respect  the  digestion  of 
protamins  is  similar  to  that  of  the  more  complex  proteids  (see  page 
424). 

Salmin  and  clupein  according  to  Kossel 1 are  identical  and  possess 
the  formula  06.  The  composition  of  sturin  is  represented 

by  CMH69N1907  and  tnat  of  accipenserin  by  C35H72Nlg09. 

As  to  the  inner  structure  of  the  protamin  molecule  very  little  that 
is  definite  can  be  said.  The  large  amount  of  arginin  present  in 
these  substancee  indicates  that  this  base  forms  an  important  part  of 
the  molecule.  The  hexon  bases  contain  each  6 carbon  atoms  and 
the  comparison  of  these  by  Kossel  to  the  hexoses  of  the  carbohy- 
drate group  is  certainly  very  ingenious.  Usually  on  hydration  the 

1 Zeits.  phygioL  Cliem.,  25,168,  173. 
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carbohydrates  yield  the  characteristic  hexose  unit.  On  similar  treat- 
ment the  protamins,  and  to  less  extent  the  more  complex  proteids, 
may  be  considered  as  yielding  the  equally  characteristic  hexon  unit. 
In  the  case  of  sturin  Ivossel  and  Kutscher 1 * have  rendered  it  prob- 
able that  a molecule  of  this  protamin  breaks  up  into  four  molecules 
of  arginin  and  one  each  of  histidin  and  lysin. 

In  view  of  the  marked  germicidal  properties  possessed  by  nucleinic 
acid  it  is  of  great  interest  to  note  that  the  protamins  are  likewise 
destructive  to  bacteria.  This  fact  has  been  shown  by  H.  Kossel*  who 
tested  the  action  of  sturin  and  of  its  oarbonate  upon  a number  of 
germs.  The  most  noticeable  effect  was  obtained  with  the  cholera 
vibrio.  These,  in  water  suspension,  were  killed  within  five  minutes 
by  sturin  carbonate  in  dilutions  as  high  as  1 to  10,000.  Even  a 1 
to  50,000  solution  exerted  a marked  action,  though  the  time  required 
was  several  hours.  Typhoid  bacilli  and  staphylococci  were  obviously 
not  destroyed  as  readily,  but  a marked  diminution  was  observed  when 
the  protamin  was  allowed  to  act  for  twenty-four  hours.  Spores  of 
anthrax  however  were  not  affected.  Solutions  of  protamin  carbonate 
in  ox-serum  in  a strength  of  1 to  5,000  destroyed  anthrax  bacilli  within 
four  hours.  On  the  other  hand  cholera  and  typhoid  bacilli,  though 
greatly  diminished  in  numbers,  were  still  present  in  viable  condition 
at  the  end  of  that  time. 

It  is  evident  from  the  above  quoted  experiments  that  the  animal 
cell  possesses  germicidal  substances  other  than  nucleinic  acid.  It 
should  be  remembered,  however,  that  the  protamins  are  by  no  means 
widely  distributed ; on  the  contrary  they  appear  to  be  restricted  to 
the  spermatozoa  of  certain  animals. 

Another  fact  brought  out  by  H.  Kossel  is  the  marked  poisonous 
action  of  protamins  and  of  histon.  Injected  subcutaneously  the  pro- 
tamins produce  in  guinea-pigs  severe  local  inflammation  which  brings 
on  extensive  exudate  and  finally  pronounced  necrosis.  When  injected 
intraperitoneally  or  intravenously  both  substances  cause  death  in  a 
few  mintites.  The  fact  that  histon  possessed  toxic  properties  was 
first  pointed  out  by  Novy.3  When  thymus  histon  was  injected  sub- 
cutaneously into  guinea-pigs  a slight  temporary  depression  of  tem- 
perature followed.  This  was  followed  in  a few  hours  by  an  increase 
of  1 to  1.5°,  which  would  persist  for  two  or  more  days.  Necrosis 
at  the  point  of  inoculation  was  frequently  observed.  In  rabbits  in- 
travenous injections  produced  exceedingly  rapid  effects,  death  often 
resulting  in  a few  minutes. 

Since  then  the  toxic  action  of  histon  has  been  recognized  by  Kos- 
sel and  by  Thompson.  The  fall  in  blood  pressure,  the  change  in 
respiratory  movements,  the  retarding  effect  upon  coagulation  and  the 

1 Zeits.  physiol.  Chem. , 31,  185  ; 25,  184. 

4 Zeits.  f.  Hygiene,  27,  36,  1898. 

aJoum.  Exp.  Med.,  1,  709,  1896. 
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agglutination  of  corpuscles  together  with  the  decrease  in  leucocytes 
is  no  wise  different  from  that  of  the  protarains.  This  interesting 
fact  is  readily  explainable  when  it  is  remembered  that  the  histons  are 
in  all  probability  compounds  of  protamins  and  proteids.  According 
to  Bang1  the  nucleoproteid  from  the  pancreas  and  its  cleavage  product 
guanylic  acid  possess  a physiological  action  not  unlike  that  of  histon 
and  protamin. 

The  physiological  action  of  protamins  has  been  the  subject  of  a care- 
ful study  by  Thompson2  who  showed  that  clupein  and  salmin,  which 
are  probably  identical,  and  scombrin  show  no  difference  in  their 
effects  whereas  the  more  complex  sturin  is  somewhat  less  poisonous. 
A marked  and  relatively  rapid  fall  in  blood  pressure  was  observed 
shortly  after  the  injection  of  the  protamins.  In  dogs  death  rapidly 
followed  if  the  dose  exceeded  0.15-0.18  g.  of  clupein  per  10  kilo- 
grams of  body  weight.  The  limit  in  the  case  of  sturin  was  about 
0.20-0.25  g.  With  non-fatal  doses  the  blood  pressure  returns  to 
the  normal  in  about  half  an  hour  and  a subsequent  injection  of  an 
otherwise  fatal  dose  is  tolerated.  According  to  Thompson  the  pro- 
tamins, like  the  albumoses,  act  directly  upon  the  walls  of  the  blood- 
vessels. The  effect  upon  the  respiration  is  extremely  marked  and 
when  death  occurs  it  is  due  to  paralysis  of  the  respiratory  move- 
ments. The  drop  in  the  blood  pressure  is  accompanied  by  an  in- 
crease in  the  depth  and  frequency  of  both  the  abdominal  and  thoracic 
respiratory  movements.  During  the  period  of  minimum  blood 
pressure  the  respiratory  movements  cease.  With  the  rise  in  pressure 
the  abdominal  respiration  is  resumed  but  the  thoracic  movements  are 
held  in  check  as  long  as  the  poison  continues  to  act.  The  effect  upon 
the  coagulation  of  blood  was  also  shown  to  be  marked.  While  a 
single  injection  shows  but  little  effect,  two  or  three  injections  delay 
the  coagulation  for  many  hours.  A retardation  was  also  observed 
when  the  blood  was  added  to  protamin  in  a test-tube.  It  is  worthy 
of  note  that  the  blood  became  more  transparent,  and  granular.  The 
corpuscles  thus  agglutinated  settle  rapidly,  leaving  a clear  supernatant 
plasma.  In  this  respect  the  protamins  behave  like  albumose,  histon, 
venoms,  ricin,  guanylic  acid  and  other  agglutinants.  The  number  of 
circulating  leucocytes  was  appreciably  decreased. 

From  the  above  it  is  evident  that  the  protamins  and  histons  are 
active  poisons.  The  toxicity  is  connected  with  the  protamin  mole- 
cule as  a whole  inasmuch  as  it  disappears  completely  on  cleavage. 
Thus,  the  very  earliest  hydrolytic  products,  the  proton,  or  pepton  of 
the  protamins,  exerts  but  very  little  effect  in  0.5  g.  doses,  and  the 
final  products  of  cleavage,  the  hexon  bases,  according  to  Thomson 
show  no  action  whatsoever  upon  the  blood  pressure  or  upon  the 
respiration.  Arginin  and  histidin,  like  antipepton,  hasten  the  coag- 

1 Zeits.  physiol.  Chem.,  32,  201, 1901. 

2 Zeils.  physiol.  Chem.,  29,  1,  1900. 
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illation  of  blood.  The  inertness  of  arginin,  it  may  be  added,  was 
first  pointed  out  by  Schruiedeberg1  in  1896.  Matthews  has  shown 
that  arginin  in  large  amount  exerts  a distinct  retarding  effect  upon 
tryptic  digestion. 

It  has  already  been  pointed  out  that  the  protamins  precipitate 
solutions  of  albumose  or  pepton  and  give  rise  to  liiston,  or  at  all 
events  to  histon-like  bodies.  Inasmuch  as  the  natural  histons  show 
many  points  of  resemblance  to  the  protamins  it  is  quite  probable 
that  these  substances  represent  the  next  higher  group  of  proteids. 
A brief  consideration  of  the  histons  in  this  connection  is  therefore 
by  no  means  out  of  place. 

The  first  representative  of  this  group  was  discovered  in  1884  by 
Kossel.2  Inasmuch  as  Miescher  had  previously  shown  that  the 
spermatozoa  of  the  salmon  contained  a salt-like  combination  of  nu- 
clein and  protamin,  the  thought  suggested  itself  that  a similar  com- 
pound of  nuclein  and  a basic  body  might  be  present  in  the  red 
corpuscles  of  the  blood  of  geese.  On  extracting  the  well  washed 
stroma,  perfectly  free  from  hemoglobin,  by  means  of  dilute  hydro- 
chloric acid  he  obtained  a pepton-like  body  to  which  he  gave  the 
name  histon.  Ten  years  later  Lilienfeld  3 showed  that  the  nucleo- 
histon  from  the  leucocytes  of  the  thymus  gland  on  treatment  with  dilute 
hydrochloric  acid  was  split  up  into  nuclein  and  histon.  The  latter, 
although  coagulable  by  heat,  he  regarded  as  identical  with  the  histon 
of  Kossel.  Very  soon  thereafter  histon  was  reported  to  be  present 
in  febrile  urine  (Krehl  and  Matthes4)  and  in  leukemic  urine  (Kolisch 
and  Burian 5). 

An  examination  of  the  spermatozoa  of  the  sea-urchin  for  protamin 
by  Mathews  showed  that6  these  cells  contained  a compound  of  nu- 
clein and  of  a histon-like  body  to  which  he  gave  the  name  arbacin. 
This  interesting  observation  is  substantiated  by  that  of  Miescher,7 
who  first  pointed  out  that  the  salmon  spermatozoa  if  immature  did 
not  contain  protamin,  but  instead  a histon-like  substance — albumi- 
nose.  A similar  condition  was  observed  by  Bang 8 in  connection 
with  mackerel  spermatozoa.  These,  when  mature,  as  already  pointed 
out,  contain  the  protamin  scombrin,  but  the  immature  spermatozoa 
do  not  contain  the  substance,  but  instead  a histon,  which  Bang 
designates  as  scombron.  Shortly  thereafter  Kossel  and  Kutscher® 
showed  that  the  same  was  true  for  the  mature  spermatozoa  of  the  cod 
(Gadus  morrhua).  Ehrstrom10  arrived  at  a similar  result  with  the 

1 Berichte,  29,  355. 

2 Zeits.  physiol.  Chan.,  8,  511. 

3 Zeits.  physiol.  Chem.,  18,  482,  1894. 

* Archiv.  exp.  Path.  u.  Pharm.,  36,  441,  1895. 

5 Zeits.  klin.  Med.,  29,  374,  1896. 

G Zeits.  physiol.  Chem.,  23,  399,  1897. 

1 Archiv.  exp.  Path.  u.  Pharm.,  37- 

8 Zeits-  physiol.  Chem.,  27,  466,  1899. 

* Zeits.  physiol.  Chem.,  31,  191,  1900. 

lu Zeits.  physiol.  Chem.,  32,  350,  1901. 
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mature  spermatozoa  of  the  Lota  vulgaris,  a fish  closely  related  to 
the  former. 

It  is  evident  from  these  investigations  that  while  the  mature 
spermatozoa  of  some  fish  contain  a salt-like  combination  of  nueleinic 
acid  and  a protamin,  the  same  spermatozoa  in  the  immature  condi- 
tion contain  a similar  compound  in  which,  however,  the  protamin  is 
replaced  by  histon.  Again,  in  some  fish  as  the  cod  tribe  prota- 
min is  absent  even  from  the  mature  cells  and  its  place  is  taken 
by  histon.  Our  knowledge  of  the  composition  of  the  sperma- 
tozoa of  higher  animals  is  extremely  deficient.  According  to 
Mathews  the  spermatic  cells  of  the  steer  and  boar  contain  neither 
histon  nor  protamin,  while  according  to  Bang  the  liver,  kidney,  pan- 
creas and  testes  contain  no  histon.  At  least  no  such  body  could  be 
extracted  from  these  organs  by  dilute  acid.  On  the  other  hand,  the 
researches  of  Schulz 1 show  that  the  proteid  constituent  of  hemo- 
globin, globin,  is  a histon.  In  this  instance  the  histon  occurs  in 
combination  with  the  acid  hematin,  while  in  all  other  instances  it  is 
combined  with  nueleinic  acid.  Thus  far,  then,  histon  bodies  have 
been  shown  to  be  present  in  the  stroma  of  red  blood  cells  of 
geese,  in  hemoglobin,  in  the  leucocytes  of  the  thymus  gland,  usually 
in  the  immature  and  at  times  in  mature  spermatozoa  of  certain  ani- 
mals. 

Obviously,  as  in  the  case  of  the  protamins,  we  have  to  deal  with 
a group  of  histons  and  not  with  a single  individual.  With  this  fact 
in  mind  it  becomes  easy  to  reconcile  the  divergent  statements  which 
have  been  made  by  different  investigators  regarding  the  chemical 
reactions  of  these  substances.  Like  the  protamins,  the  histons  possess 
marked  basic  properties  and  on  decomposition  with  dilute  acid  they 
yield  the  hexon  bases.  The  amount  of  bases  is  by  no  means  as  large 
as  that  obtained  from  the  protamins,  but  at  the  same  time  it  is  much 
greater  than  that  from  other  proteids.  Looked  at  from  the  standpoint 
of  the  amount  of  hexon  bases  contained  in  the  molecule  the  prota- 
mins occupy  the  first,  the  histons  the  second  and  the  gelatins  the 
third  place.  The  thymus  histon,  according  to  Kossel,  yields  about 
40  per  cent,  of  its  nitrogen  in  the  form  of  hexon  bases,  while  ac- 
cording to  Lawrow 2 these  bases  make  up  about  25  per  cent,  of  its 
weight.  The  hemoglobin  of  the  horse,  on  cleavage  with  hydro- 
chloric acid  and  tin,  yields,  according  to  the  same  observer,3  three 
hexon  bases  and  the  amount  corresponds  to  about  20  per  cent,  of  the 
globin  present.  The  Lota  histon  gave  Ehrstrom  12  per  cent,  ar- 
ginin,  3.17  per  cent,  lysin,  2.85  per  cent,  histidinand  0.66  per  cent, 
ammonia.  Analyses  of  gadus  and  thymus  histons  are  given  in  the 
table  on  p.  426. 

The  histons  yield  several  characteristic  reactions.  Neutral  solu- 

1 Zeils.  physiol.  Chem.,  24,  449,  1898. 

2 Zeils.  physiol.  Chart.,  28,  390,  1899. 

3 Berichte,  34,  101,  1901. 
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tions,  free  from  salts  of  ammonia,  are  precipitated  by  ammonia,  but 
the  precipitate  redissolves  in  excess  of  the  reagent.  The  scombron 
precipitate  however  does  not  redissolve.  In  the  presence  of  ammonia 
salts  the  precipitate  induced  by  ammonia  is  permanent.  As  pointed 
out  by  Bang  the  acid  albuminates  and  vitellin  are  likewise  precipitated 
by  ammonia.  The  fixed  alkalis  also  precipitate  histon.  While  pure 
solutions  of  histon  are  not  coagulated  on  boiling  this  does  occur  in 
the  presence  of  a small  amount  of  salt.  As  Kossel  first  showed 
histon  may  be  precipitated  from  acid  solution  by  saturation  with 
sodium  chlorid  or  other  salts.  With  nitric  acid  the  histons  give 
the  albumose  reaction  ; likewise  the  xanthoproteic  reaction.  The 
biuret  test  is  given  by  all.  With  Millon’s  reagent  the  reaction  is 
slight  but  distinct.  Salts  of  mercury  precipitate  some  histons,  but 
not  others.  The  most  important  reaction  is  based  upon  the  fact  that 
while  ordinary  proteids  are  precipitated  by  certain  alkaloidal  reagents 
in  acid  but  not  in  neutral  solution,  the  histons  like  protamins,  be- 
cause of  their  pronounced  basic  character,  are  precipitated  by  these 
reagents  from  neutral  as  well  as  acid  solutions.  Sodium  ferrocy- 
anid,  picrate,  phosphotungstate  and  phosphomolybdate  can  be 
thus  used.  Again,  like  the  protamins,  histon  precipitates  proteids, 
provided  free  alkali  is  not  present  in  excess.  This  property  is  like- 
wise seen  in  the  marked  agglutinating  action  which  histon  exerts  on 
bacteria.  On  digestion  with  pepsin  thymus  histon  is  split  up  and  a 
protamin-like  body  results  (Bang). 

The  physiological  action  of  histon  is  very  similar  to  that  of  prota- 
min  (p.  432).  The  action  of  thymus  histon  on  toxins  and  on  bac- 
teria with  special  reference  to  immunity  has  been  studied  by  Novy.1 

Histon  may  be  prepared  direct  from  the  thymus  gland.2  For  this 
purpose  the  gland  is  finely  divided  and  extracted  with  water.  To 
the  aqueous  solution  hydrochloric  acid  is  added  to  0.8  per  cent,  con- 
centration. The  resultant  precipitate  is  removed  by  centrifugation 
and  from  the  clear  filtrate  the  histon  is  thrown  down  by  addition  of 
ammonia.  The  precipitate  is  washed  with  ammoniacal  water,  then 
with  alcohol  and  finally  with  ether. 

According  to  Fleroff3  the  thymus  gland  on  extraction  with  dilute 
sulphuric  acid,  as  in  the  method  for  protamins,  yields  histon  and 
para-histon.  The  latter  is  soluble  in  ammonia  and  water  and  is  thus 
separated  from  histon.  For  the  separation  of  histon  from  sperma- 
tozoa, see  Kossel  (Z.  P.  C.,  31,  192);  from  hemoglobin,  see  Schulz 
(Z.  P.  C.,  24,  456). 

Arginin,  C6HuN40., . — The  study  of  the  constitution  of  this  base 
has  revealed  several  important  facts  which  enable  us  to  explain  sat- 
isfactorily a number  of  vital  reactions.  The  observation  of  Drech- 

1 Joum.  Exp.  Med..,  1,  709,  1896. 

* Zeits.  physiol.  Chem.,  31,  189  ; 28,  388. 

3 Zeits.  physiol.  Chem.,  28,  307. 
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sel  in  1890  that  lysatinin  (p.  425)  on  boiling  with  baryta  gave  urea 
led  Schulze  and  Likiernik  to  make  a similar  experiment  with  arginin. 
They  also  obtained  urea.  As  already  pointed  out  lysatinin  was  even- 
tually shown  to  be  a mixture  of  arginin  and  lysin.  This  was  the 
first  time  that  urea  was  successfully  prepared  by  the  mere  hydration 
of  a cleavage  product  of  proteids.  It  indicated  that  arginin  was 
without  doubt  a guanidin  derivative. 

Subsequently  Schulze  and  Winterstein 1 demonstrated  that  the 
cleavage  of  arginin  by  means  of  baryta  or  other  alkali  yielded  urea 
and  ornithin,  this  change  being  represented  by  the  equation  : 

c6hun4o2  + H20  = CO(NH2)2  + c5h12n2o2. 

Arginin.  Ornithin. 

Ornithin  had  been  demonstrated  by  JaffS,  twenty  years  before,  to 
be  an  intermediate  waste  product  in  the  metabolism  in  chicken. 
When  benzoic  acid  is  introduced  into  the  body  of  mammals,  as  is 
well  known,  it  unites  with  glococoll  and  is  eliminated  as  hippuric 
acid.  In  birds  it  combines  with  ornithin  and  is  excreted  as  orni- 
thuric  acid,  C^H^N^.  The  latter  was  shown  by  Jaff6  to  be  a 
dibenzoyl  ornithin  and  the  base  itself  he  regarded  as  a diamido 
valerianic  acid  although  at  the  time  no  proof  of  this  could  be 
adduced.  On  treatment  with  nitrous  acid  Schulze  and  Winterstein 
demonstrated  the  presence  of  two  amido  groups  in  ornithin.  This 
fact  aud  the  formation  of  urea  led  them  to  ascribe  to  arginin  the 
following  structure  which  subsequent  investigations  proved  to  be 
correct. 

NH, 

y.NH 

NH.CHj.CH,.CHj.CH(NHj).COOH. 

It  is  evident  from  this  structure  that  arginin  is  closely  related  to 
creatin. 


N ( OH, ) . CHj.  COOH. 

Analogous  to  the  synthesis  of  creatin  from  cyanamid  and  sarkosin, 
it  is  possible  to  effect  the  synthesis  of  arginin,  as  Schulze  and  Win- 
terstein 2 have  done,  by  the  action  of  cyanamid  on  ornithin.  These 
investigators  supplied  additional  evidence  in  favor  of  the  correctness 
of  the  structure  above  given  by  converting  ornithin  by  dry  distilla- 
tion and  hence  closing  the  chain,  into  a pyrrolidin-like  body. 

In  1889  Udranszky  and  Baumann 3 pointed  out  the  close  relation 

1 Zeits.  physiol.  Chcnu,  26,  1,  1898  ; 34,  144. 

1 Berichte,  32,  3191  (1899)  ; Zeits.  physiol.  Chem.,  34,  128. 

3 Zeits.  physiol.  Chcm.,  13,  590. 
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between  ornithin  and  the  ptomai'n  putrescin  and  the  possibility  of 
the  latter  being  formed  by  splitting  off  carbonic  acid.  Although 
they  had  in  mind  experiments  in  this  direction  yet  nothing  was 
done  until  Ellinger1  effected  the  transformation.  On  decomposing 
ornithin  by  the  aid  of  bacteria,  especially  in  the  absence  of  oxygen, 
he  obtained  putrescin  and  thus  not  only  furnished  a correct  explana- 
tion of  the  origin  of  this  ptomai’n  but  also  confirmed  the  position  of 
the  amido  groups  in  ornithin  and  hence  in  arginin.  The  cleavage  of 
proteids  by  bacteria  therefore  can  be  traced  through  arginin  and 
ornithin  to  putrescin.  The  structural  relation  of  these  bodies  can 
be  seen  from  the  equation  : 

NH,.CH,.CH,.CH,.CH(NH,).COOH  = NH,.CH,.CH,.CH,.CH,.NH,  -f  CO,. 

Ornithin.  Putrescin. 

From  this  it  is  evident  that  ornithin  is  a-d  diamido  valerianic 
acid  and  is  the  next  lower  homologue  of  lysin  (see  p.  444).  This 
diamido  valerianic  acid  in  the  inactive  or  racemic  form  has  been 
recently  synthesized  by  Fischer.2  Like  ornithin  it  has  a strong 
alkaline  reaction  and  gives  a white  precipitate  with  mercuric 
chlorid  ; with  phosphotungstic  acid  it  yields  a heavy  crystalline  pre- 
cipitate which  can  be  recrystallized  from  hot  water  in  colorless 
needles.  With  benzoyl  chlorid  it  forms  monobenzoyl  and  di-benzoyl 
derivatives  corresponding  to  those  of  ornithin.  While  Fischer  found 
the  natural  ornithuric  acid  to  be  dextro-rotatory,  the  synthetic  one 
was  inactive,  otherwise  the  two  showed  the  greatest  resemblance. 
The  synthetic  ornithuric  acid  melts  at  184-185°  whereas  the  natural 
acid  melts  at  182°  (JafFe) ; 184°  (Schulze  and  Winterstein).  Both 
yield  the  characteristic  calcium  salt.  The  d-amido  valerianic  which 
Salkowski  isolated  from  putrefying  proteids  in  all  likelihood  is 
derived  from  the  former. 

On  oxidation  with  potassium  permanganate  arginin  is  destroyed 
but  by  employing  the  barium  salt  Benech  and  Kutseher3  succeeded 
in  oxidizing  the  base  with  the  formation  of  guanidin,  thus  demon- 
strating positively  the  presence  of  this  group  in  the  arginin  mole- 
cule. Just  as  creatin  is  a methyl  guanidin  acetic  acid  so  arginin 
becomes  guanidin-a-amido  valerianic  acid.  On  further  examination 
of  the  oxidation  products  Kutseher4  obtained  f-guanidin  butyric 
acid  and  also  succinic  acid.  The  oxidation  of  arginin  can  be  shown 
as  follows  : 

NH, 

i.NH  y-NH 

NH.CH,.Cri,.CH,.CH(NH,).C00H4-0,=rNII.CH,.CH,.CH,.C00H-)-NHB+(X),. 

ARQININ.  y-GUANIDIN-BCTTBIC  ACID. 

1 Berichte,  31,  3183  (1898)  ; Zeits.  physiol.  Chem.,  29,  334. 

2 Berichte,  34,  454  (1901). 

3 Zeits.  physiol.  Chem.,  32,  278. 

1 Zeits.  physiol.  Chem.,  32,  413. 
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NH, 

C.NH 

NH.  CHj.CH,.  CH,.  COOH  + O,  = 


Nil, 

C.NH 

Nil,  + COOH.  CH,.  CII,.  COOH. 


Guanidin.  Succinic  Acid. 


The  demonstration  of  the  formation  of  succinic  acid  from  arginin 
explains  the  presence  of  this  acid  in  fermentation  and  putrefaction. 
Indeed  it  will  be  seen  that  the  study  of  the  cleavage  products  of 
proteids  and  more  directly  of  arginin  have  given  us  an  entirely  dif- 
ferent view  of  the  origin  of  urea,  guanidin,  putrescin  and  of  suc- 
cinic and  amido  valerianic  acids,  whether  formed  within  the  body, 
or  by  the  action  of  bacteria  or  of  chemicals  on  proteids  outside  of 
the  body. 

Arginin  exists  in  both  the  active  and  inactive  form.  According 
to  Kutscher 1 all  proteids  except  fibrin  yield  the  dextro-rotatory 
base.  It  should  be  noted  in  this  connection  that  fibrin  is  the  only 
proteid  examined  which  has  been  submitted  to  tryptic  digestion  ; all 
others  have  been  hydrolyzed  by  acids  and  it  is  quite  probable  that  if 
treated  with  trypsin  they  will  also  yield  inactive  arginin.  More- 
over, auto-digestion  of  the  pancreas,  if  short  in  duration,  may  yield 
also  the  inactive  form.  From  Balke’s  antipepton  obtained  by  the 
pancreatic  digestion  of  fibrin  he  isolated  both  forms  whereas  in  auto- 
digestion of  the  pancreas  only  the  active  arginin  was  found.  It 
would  seem  from  this  as  if  the  fibrin  either  contained  only  inactive 
arginin  or  else  it  contains  a levo-form  which  racemizes  with  the 
dextro-arginin  derived  from  the  pancreas  proper.  The  dextro- 
arginin  on  heating  with  sulphuric  acid,  and  its  nitrate  when  ex- 
posed to  dry-heat  of  210°,  yields  the  inactive  form.  On  account  of 
slight  differences  Gulewitsch  believed  that  the  arginin  derived  from 
plants  was  distinct  from  that  of  animal  proteids  but  this  view  has 
been  shown  by  Schulze 2 to  be  incorrect.  The  active  and  inactive 
arginine  are  the  only  two  kinds  known  at  present. 

The  free  base  can  be  prepared  from  the  acid  arginin  silver  nitrate 
by  changing  this  to  arginin  silver  which  in  turn  can  be  decomposed 
with  hydrogen  sulphid.  It  crystallizes  in  rosette-like  masses  of 
plates  or  thin  prisms  which  melt  at  207-207.5°  (corr.).  It  is  odor- 
less but  has  a slightly  bitter  taste ; is  strongly  alkaline  and  takes 
up  carbonic  acid.  From  solutions  of  the  salts  of  heavy  metals  it 
precipitates  the  oxids  and  from  ammonium  salts  it  liberates  ammo- 
nia. It  is  easily  soluble  in  water  but  is  almost  insoluble  in  boiling 
alcohol.  Like  ammonium  salts  and  amido  compounds  it  takes  up 
iodin  and  yields  iodic  acid.  (Schmidt,  Z.  P.  G.,  34,  64.)  Sodium 

1 Zeifs.  physiol.  Chem.,  32,  476  ; 26,  114  ; 28,  90. 

2 Zeits.  physiol.  Chem.,  27,  178,  368  ; 29,  329. 
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hypobrornate  sets  free  about  one-third  of  its  nitrogen.  The  salts 
of  arginin  have  been  especially  studied  by  Gulewitsch.1 

The  neutral  chlorid,  C6H14N402.HC1  + H20,  is  easily  soluble  in 
water  from  which  it  can  be  crystallized  on  concentration  or  on  addi- 
tion of  alcohol  or  ether.  It  is  less  soluble  in  hot  than  in  cold 
85  per  cent,  alcohol.  It  forms  rosette-like  masses  of  plates.  The 
water  of  crystallization  may  be  driven  off  at  100°  (Hedin).  More- 
over, the  chlorid  may  crystallize  from  water  without  taking  up  water 
of  crystallization  (Schulze2).  Lawrow  obtained  a chlorid  containing 
one-half  molecule  of  water.  The  anhydrous  salt  sinters  at  208  °, 
gives  off  gas  and  melts  at  209°  or  higher.  When  heated  with 
concentrated  hydrochloric  acid  ammonia  is  split  off,  but  only  at  high 
temperatures  — 180°— 200°.  It  is  strongly  dextro-rotatory;  the 
rotation  is  increased  by  acid  and  decreased  by  alkali.  Hedin3  was 
unable  to  obtain  a crystalline  acid  chlorid. 

The  neutral  nitrate,  C6H14N402.HN03  -f-  £H20,  results  on  decom- 
position of  the  basic  silver  or  copper  nitrate  salts.  It  can  be  read- 
ily crystallized  from  water  or  from  hot  dilute  alcohol,  forming 
opaque  chalk-like  masses  composed  ot  microscopic  needles  which  tend 
to  effloresce.  The  salt  is  somewhat  hygroscopic ; when  dry  it  melts 
imperfectly  at  about  175°.  At  15°  it  is  soluble  in  about  two  parts 
of  water.  It  is  very  easily  soluble  in  hot,  difficultly  in  cold  85 
per  cent,  alcohol.  The  salt  is  dextro-rotatory  and  the  rotation  is 
markedly  affected  by  the  presence  of  free  acid.  It  dissolves  copper 
hydrate,  forming  the  double  salt. 

The  neutral  nitrate  of  the  inactive  arginin  which  Kutscher  iso- 
lated from  antipepton  (pp.  424,  439)  forms  small,  glistening,  trans- 
parent four-sided  prisms  or  plates,  which  often  unite  in  groups  and 
do  not  contain  water  of  crystallization.  It  is  more  difficultly  soluble 
than  the  dextro-salt  (1  to  17.25  water  at  20°;  1 to  21.7  parts  of 
water  at  12°).4  It  sinters  at  206°  and  melts  at  211°  with  gas 
formation. 

The  acid  nitrate,  C6HI4N403.2HN03 , is  prepared  by  evaporating 
the  former  salt  with  excess  of  acid.  It  forms  long  colorless  needles 
or  masses  of  extremely  thin  elongated  plates.  The  melting  point  is 
144.5-145°. 

The  sulphate,  C6H14N402.H2S04 , can  be  obtained  by  decomposing 
the  copper  sulphate  compound.  It  separates  from  saturated  alco- 
holic solution  as  an  oil  aud  has  not  been  crystallized  (G.).  Hedin 
also  was  unsuccessful  in  crystallizing  the  sulphate.  It  is  hygro- 
scopic and  behaves  to  polarized  light  the  same  as  the  preceding  salts. 


1 Zeita.  physiol.  Chem.,  27,  178. 

8 Zeils.  physiol.  Chem.,  29,  331. 

3 Zeits.  physiol.  Chem.,  22,  157. 

‘ Zeils.  physiol.  Chem.,  32,  478. 
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The  picrate,  C6H14N402.C#H3N307  , was  prepared  by  Schulze  and 
Steiger  (Z.  P.  C.,  11,  43). 

Arginiu  copper  nitrate,  (C6H14N402)2.Cu(N03)2  -f  3JH  O,  was 
obtained  by  boiling  the  nitrate  with  copper  carbonate  or  hydrate. 
Hedin,1  Lawrow,2as  well  as  Schulze3  obtain  the  salt  with  only  three 
molecules  of  water,  possibly  because  of  loss  of  same  by  efflorescence. 
This  takes  place  slowly  when  the  salt  is  kept  in  a desiccator.  When 
crystallized  from  hot  water  it  forms  roundish  aggregates  of  dark 
blue  needles  or  pointed  prisms.  Impure  solutions  are  difficult  to 
crystallize.  It  reacts  alkaline  and  is  soluble  in  95.5  parts  of  water 
at  13°.  It  melts  at  112°- 114°  but  when  dehydrated  it  melts 
with  decomposition  at  232°—  234°. 

The  copper  sulphate,  (C6H14N402)2.CuS04+  5JH20,  was  obtained 
by  boiling  the  sulphate  with  cupric  hydrate.  It  melts  at  about  110° 
and  loses  all  the  water  of  crystallization  at  150°  and  decomposes  at 
170°.  The  dehydrated  salt  decomposes  at  235°- 238°. 

The  acid  silver  nitrate  compound,  C6H14N402.  HN03  + AgNOs, 
on  slow  evaporation  of  its  aqueous  solution  forms  long  colorless 
needle-shaped  prisms  usually  grouped  in  bundles.  From  hot  satu- 
rated solution  it  separates  in  opaque  stellate  masses  of  long,  very 
thin  needles.  Its  solution  which  is  very  slightly  acid  is  not  reduced 
on  heating.  It  is  soluble  in  7.27  parts  of  water  at  16°  ; is  insolu- 
ble in  alcohol  and  in  ether,  and  is  dextro-rotatory.  It  melts  with 
decomposition  at  176°- 183°. 

The  basic  silver  nitrate  compound/  C6H14N402.AgN03  -f  £H20, 
forms  rosette  or  wart-like  aggregates  of  short,  colorless,  transparent 
prisms.  Its  solution  reacts  alkaline  ; is  easily  reduced  by  light  and 
by  heating.  At  16°  it  dissolves  in  88.7  parts  of  water  (81  parts, 
Hedin);  is  easily  soluble  in  hot  water.  It  is  insoluble  in  alcohol  and 
in  ether.  It  decomposes  at  164°.  This  salt  has  been  used  as  a 
means  of  separation  (Hedin). 

Arginin-silver,5  C6H12Ag2N402.H20,  is  obtained  as  a snow-white 
cheesy  precipitate  when  sodium  hydrate  is  added  carefully  to  the 
acid  silver  nitrate  compound.  It  is  usually  mixed  with  the  similar 
body  containing  three  atoms  of  silver.  The  compound  takes  up 
carbonic  acid  ; when  powdered  is  markedly  electric  and  darkens  on 
exposure  to  light.  The  moist  powder  when  heated  rapidly  becomes 
black.  It  is  very  difficultly  soluble  in  water  (1  in  28,571);  easily 
soluble  in  acids  and  in  ammonia. 

A mercuric  chlorid  compound  forms  when  this  salt  is  added  to  a 
solution  of  arginin.  The  voluminous,  white,  amorphous  precipitate  is 
soluble  in  acids,  and  in  hot  water.  When  purified  it  becomes  very 

1 Zeits.  physiol.  Chem.,  20,  191. 

J Zeils.  physiol.  Chem.,  28,  392. 

* Zeils.  physiol.  Chem.,  11 ; 52;  29,  331  ; 33,  561  ; 34,  138. 

* Zeils.  physiol.  Chem. , 20,  188  ; 21,  156  ; 27,  200. 

5 Zeils.  physiol.  Chem. , 22,  194  ; 27,  202. 


442 


CHEMISTRY  OF  THE  LEU  CO  MAINS. 


difficultly  soluble  in  boiling  water.  It  melts  and  decomposes  at 
186°- 189°.  Potassium  mercuric  iodid  alone  gives  no  precipitate 
but  on  addition  of  sodium  hydrate  a heavy  white  precipitate  forms. 
Potassium  bismuth  iodid  gives  a red  precipitate.  The  picrate  melts 
at  205°. 

The  addition  of  phosphotungstic  acid  to  solutions  of  the  nitrate 
produces  a pulverulent  precipitate  which,  recrystallized  from  boiling 
water,  forms  very  small  prisms  or  needles.  It  is  soluble  in  large 
excess  of  the  reagent. 

Dibenzoyl  arginin,  C6H12(C6H5.C0)2N402 , is  obtained  readily, 
though  the  yield  is  small.  On  treatment  with  benzoyl  chlorid  a 
slight  sticky  precipitate  forms  and  from  the  filtrate  the  dibenzoyl 
compound  is  thrown  down  on  acidulation  and  is  separated  from  ben- 
zoic acid  by  means  of  ether.  From  boiling  water  it  crystallizes  in 
masses  of  very  fine  long  needles  or  rhombic  plates.  The  needle- 
shaped  crystals  are  often  branched,  or  stellate  and  show  split  ends. 
It  is  difficultly  soluble  in  boiling  water  ; more  readily  in  boiling  alco- 
hol ; easily  in  alkali.  It  melts  with  slight  decomposition  at  217°- 
218°.  This  body  is  analogous  to  ornithuric  and  lysuric  acids. 


Histidin,  C6H9N302. — As  yet  nothing  definite  is  known  regarding 
the  constitution  of  this  base.  From  the  small  amount  of  hydrogen 
present  it  would  seem  that  the  structure  of  histidin  must  be  that  of 
a closed  chain.  When  it  is  remembered  that  cadaverin  on  dry  dis- 
tillation yields  piperidin  (p.  273),  it  does  not  seem  improbable  but 
that  arginin,  the  parent  substance  of  cadaverin,  may  in  a similar 
manner,  by  closing  the  chain  yield  histidin.  The  change  in  the  case 
of  cadaverin  is  represented  thus  : 


NH,.  CII,.  CII,.  CH,.  CH.  fill,.  Nil, 


Cadaverin. 


PirERIDIN. 


The  transformation  of  arginin  into  histidin  would  in  a similar  way 
be  represented  by  the  equation  : 

NH, 

C.NH 

NH.  CH,.  CH,.  CH,.  CH  ( NH, ) . COOH 
Arginin. 

If  the  above  change  is  correct  histidin  would  possess  the  formula 


I^H CHCOOH 

QH, 


C.NH 

l 


+ NH,. 


NH — 

Histidin  (?) 
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CgHuN302.  The  analytical  results  correspond  about  as  closely  with 
the  theoretical  percentages  required  for  this  formula  as  with  CJiyNjOj.1 
According  to  this  interpretation  of  histidin,  like  arginin,  it  should 
yield  on  cleavage  urea,  guanidin  and  d amido  valerianic  acid.  The 
latter  has  been  repeatedly  found  among  the  cleavage  products  of  the 
protamins.2  The  conversion  of  creatin  into  creatinin  is  analogous  to 
that  shown  above  with  the  difference  however  that  water  and  not 
ammonia  is  given  off. 

If  the  above  view  of  the  origin  of  histidin  be  correct  it  will  be 
seen  that  the  hexon  bases  acquire  a new  importance  in  so  far  as  they 
would  form  antecedents  of  the  pyrimidin  and  even  purin  bodies. 
The  nucleus  of  the  cell  therefore  would  transform  the  ready-made 
protoplasmic  bases  into  the  characteristic  nuclein  bases. 

Histidin  itself  forms  well  defined  rhombic  plates  or  needles.  It 
is  not  very  soluble  in  water  and  hence  can  be  crystallized  from  it 
direct  or  by  addition  of  alcohol.-  The  solution  shows  faint  alkaline 
reaction  and  does  not  take  up  carbonic  acid  (Hedin).  It  is  insoluble 
in  alcohol  and  in  ether.  According  to  Kossel,3  the  free  base  is  levo- 
while  its  salts  are  dextro-rotatory ; and  the  rotation  is  increased  by 
the  presence  of  free  acid.  Histidin  from  thymus  histon,  according 
to  Lawrow, 4 is  dextro-rotatory,  which  fact  considered  in  connection 
with  the  difference  observed  between  the  chlorid  of  histidin  from 
histon  and  from  other  sources,  may  be  taken  to  indicate  different 
histidins. 

The  free  base  is  usually  obtained  from  the  chlorid  by  decomposi- 
tion with  silver  sulphate.  Possibly  histidin  unites  with  either  of 
the  other  hexon  bases.  This  is  indicated  in  the  isolation  of  a com- 
pound, C18HmN.08,  by  Kossel  and  Mathews,6  from  sturin  by  diges- 
tion with  trypsin.  This  compound  consists  probably  of  one  mole- 
cule of  histidin  and  two  molecules  of  lysin.  Sturin  itself  probably 
contains  the  three  bases  in  combination. 

The  monochlorid,6  C6H9N302.HC1  -f  H20,  is  obtained  on  decom- 
position of  the  histidiu-silver  compound  with  hydrochloric  acid 
(Hedin)  and  crystallizes  in  fine,  large,  glassy  plates  which  do  not  lose 
water  of  crystallization  at  120°,  but  do  at  135°  (Hedin),  at  105° 
(Kossel).  It  melts  at  251°- 252°  ; is  easily  soluble  in  water,  in- 
soluble in  alcohol  and  in  ether.  The  aqueous  solution  is  acid  in  re- 
action and  is  slightly  dextro-rotatory,  although  Hedin  first  consid- 
ered it  to  be  inactive.  The  chlorid  from  gelatin  and  from  silk  melts 
% at  243°  (Wetzel). 

The  di-chlorid,7  C#H9N3Oa.2HCl,  contains  no  water  of  crystalliza- 

1 Zeits.  physiol.  Chem.,  22,  184,  194. 

1 Zeits.  physiol.  Chem.,  26,  590  ; 31. 

3 Zeits.  physiol.  Chem.,  28,  382. 

4 Zeits.  physiol.  Chem.,  28,  392;  31,  193. 

5 Zeits.  physiol.  Chem.,  25,  193  ; 31,  185. 

6 Zeits.  physiol.  Chem.,  22,  182,  192;  25,  192;  28,  387,  460. 

T Zeits . physiol.  Chem.,  28,  383,  392;  31,  189,  193. 
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tion  which  in  the  above  appears  to  be  replaced  by  the  second  mole- 
cule of  acid  (Schwantke).  It  can  be  obtained  from  the  monochlorid  by 
repeated  treatment  with  concentrated  hydrochloric  acid  (Kutscher). 
On  slow  crystallization  it  forms  large  glassy  plates,  except  when 
the  salt  is  derived  from  histon,  in  which  case  it  crystallizes  slowly 
and  with  different  form.  Differences  in  solubility  have  also  been 
noted.  It  sinters  at  225°  and  finally  melts  at  231°— 233°  with 
evolution  of  ammonia.  The  latter  is  also  given  off  on  prolonged 
heating  at  140°. 

The  nitrate,  C6H9N302.2HN03,  was  obtained  by  Kossel 1 in  crys- 
talline form,  although  Hedin  was  unsuccessful  in  doing  so  with  the 
nitrate  or  sulphate.  With  platinum  chlorid  and  silver  nitrate  crys- 
tallizable  double  salts  are  obtainable.  A rather  uncertain  double 
salt  of  barium  chlorid  has  been  reported  (impure  dichlorid  ?). 

Mercuric  chlorid  precipitates  the  alkaline  carbonate  solution  of 
histidin  and  this  fact  was  utilized  at  one  time  by  Kossel 2 as  a means 
of  separation  from  arginin. 

Silver  nitrate  when  added  to  an  aqueous  solution  of  the  base  pro- 
duces no  precipitate,  but  on  addition  of  ammonia  a voluminous  pre- 
cipitate forms  which  is  easily  soluble  in  excess  (Hedin).3  Its 
formula  is  C6H7Ag2N302  + H20.  Instead  of  ammonia  Kossel  em- 
ploys baryta,  which  on  careful  addition  throws  down  the  histidin 
compound  first  and,  subsequently  in  strong  excess,  precipitates  the 
arginin  compound.  These  two  bases  can  thus  be  easily  separated 
(see  p.  427). 


Lysin,  06H14N2O2. — The  relation  of  this  base  to  leucin,  C6H13N02, 
from  which  it  differs  by  an  NH2  group  led  Drechsel 4 5 to  regard  it  as 
a di-amido  caproic  acid.  He  attempted,  though  unsuccessfully,  the 
conversion  of  lysin  into  cadaverin  and  even  pointed  out  its  possible 
transformation  into  pyridin.  Inasmuch  as  lysin  appeared  to  be  a 
homologue  of  ornithin,  C6H12N202,  Ellinger3  reasoned  that,  like  the 
latter,  it  should  yield  on  putrefaction  the  diamin  cadaverin,  the 
homologue  of  putrescin.  Experiments  with  lysin  derived  from 
casein  and  from  auto-digested  pancreas  gave  the  expected  cadaverin 
and  at  the  same  time  established  the  constitution  of  the  former. 
Lysin,  therefore,  is  a — t di-amido  caproic  acid  and  is  the  next 
homologue  of  ornithin.  The  cleavage  into  cadaverin  can  be  repre- 
sented by  an  equation  similar  to  that  for  ornithin  (p.  438). 

NH2.CH,.CH3.CH,.CH3.CH(NH2).COOH  = NH3.CH3.CH3.CH3.CH3.CH3.NH3  + C03. 

Lysin.  Cadavkbin. 


1 Zeits.  physiol.  Chem.,  22,  195  ; 28,  383,  391. 

1 Zeils.  physiol.  Chem .,  22,  182;  31,  171. 

3 Zeils.  physiol.  Chem. .,  22,  192 ; 31,  1<1  ; 25,  171 ; 28,  460. 

‘ Berichte;  25,  2456,  3504. 

5 Zeils.  physiol.  Chem .,  29,  334,  1900. 
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Since  lysin  is  a homologue  of  ornithin  it  is  possible  that  like  the  latter 
it  exists  in  the  proteid  molecule  in  combination  with  an  urea  residue. 
In  other  words  it  may  have  a parent  substance  which  bears  to  it  the 
same  relation  that  arginin  does  to  ornithin.  This  theoretical  body 
would  possess  the  formula  C7H16N402.  On  hydration  it  would  yield 
urea  and  lysiu  in  the  same  way  that  arginin  yields  urea  and  ornithin. 
In  this  way  perhaps  may  be  explained  the  origin  of  the  ammonia 
which  is  formed  during  the  hydrolysis  of  proteids  (see  table,  p.  426). 
The  existence  of  the  ptomai'n  hexamethylene  diamin  may  be  taken  to 
indicate  a still  higher  homologue.  The  relation  of  these  bodies  may 
be  indicated  thus  : 

Arginin,  C*H,4N40,  = Ornithin,  C5H,jN20,  = Putrescin,  C4H)aNj. 

= Lysin,  C8H14NaOa  = Cadaverin,  C6HI4Na. 

= Hexa-met. -diamin,  C8H,8Na. 

Lysin  is  easily  soluble  in  water  and,  like  arginin  and  histidin,  it  is 
not  precipitated  on  saturation  with  ammonium  sulphate  but  is  pre- 
cipitated by  alcohol  and  by  phosphotungstic  acid.  Hence  the  pres- 
ence of  these  bases  in  antipepton  (Kutscher).  Unlike  the  other  two 
bases  lysin  is  not  precipitated  by  silver  nitrate  and  fixed  alkali,  and 
this  fact  Kossel  makes  use  of  to  effect  their  separation  (p.  428). 
The  free  base  can  be  obtained  best  from  the  sulphate.  On  heating 
it  gives  off  alkaline  vapors  (Drechsel,  Kruger).  On  fusion  with 
alkali  it  yields  acetic  and  propionic  acids  (Henderson). 

In  the  tryptic  digestion  of  sturin  Kossel  and  Mathews  obtained 
a compound,  CjgH^N^O,,  which  crystallized  in  needles  and  was  evi- 
dently a combination  of  two  molecules  of  lysin  with  one  of  histidin. 
The  lysatinin  (p.  425)  of  Drechsel  is  apparently  a similar  combina- 
tion of  one  molecule  each  of  lysin  and  of  arginin. 

The  dichlorid,  C6HUN202.2HC1,  can  be  prepared  from  the  picrate 
or  from  the  platinum  salt.  It  melts  at  217°  and  at  261°  it  decom- 
poses yielding  hydrochloric  acid,  carbon  monoxid,  water  and  a 
sublimate  of  ammonium  chlorid.  Drechsel 1 interpreted  this  reac- 
tion as  leading  to  amido  valeric  aldehyde  which  by  loss  of  water  should 
yield  tetrahydropyridin  but  this  transformation,  which  would  be 
analogous  to  the  change  of  cadaverin  into  piperidin,  has  not  as  yet 
been  realized.  According  to  Henderson  it  melts  at  192-193°; 
while  Lawrow2  states  that  it  begins  to  melt  at  194—195°  and  gives 
offgas  at  200-202°.  It  is  not  changed  to  the  monochlorid  by  pro- 
longed heating  at  130°.  The  aqueous  solution  is  strongly  acid  and 
on  evaporation  with  the  alkali  it  forms  bases  possessing  a slight 
coniin-like  odor  (Drechsel).  The  colorless  crystals  are  but  slightly 
soluble  in  alcohol ; readily  soluble  in  methyl  alcohol,  and  readily 
form  from  aqueous  solution  on  concentration. 

The  salt  as  well  as  the  free  base  are  dextro-rotatory  and  the  devia- 

1 Berichtc,  25,  2455,  3504. 

2 Zeits.  physiol.  Chem.,  28,  395  ; 29,  321. 
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tion  of  polarized  light  is  increased  by  acids  (Lawrow).  On  heating 
with  baryta  it  becomes  inactive  (Siegfrid,  Lawrow).  For  its  be- 
havior to  phenyl  isocyanate  see  ornithin.  Henderson 1 examined 
lysin  from  six  different  sources  without  finding  any  difference. 

The  picrate/  C6HuNa02.CeH3Na07 , is  difficultly  soluble  and  is 
therefore  especially  useful  for  the  isolation  of  the  base  (p.  428).  It 
separates  in  large  crystals,  from  solutions  of  the  base  in  alcohol,  on 
the  addition  of  sodium  picrate.  It  is  soluble  in  185  parts  of  water 
(Lawrow). 

The  carbonate,  2C6H14N202  + C02  , was  obtained  in  crystalline  form 
by  Drechsel 3 and  was  regarded  as  analogous  to  ammonium  car- 
bamate. 

Phosphotungstic  acid  gives  a precipitate  which,  when  recrystallized 
from  much  boiling  water,  forms  needles  (Kutscher4). 

Platinum  chlorid  precipitates  lysin  from  alcoholic  solution  as 
C6HuN203.2HCl.PtCl4  + C2H60  (Drechsel).  It  forms  fine  yel- 
lowish red  prisms  from  which  the  alcohol  of  crystallization  can  be 
expelled  by  drying  at  130°.  It  melts  at  219°-220°  (Schulze3). 

Lysin  like  arginin,  forms  two  silver  salts.  The  compound 
C6H]4N202.AgN03  is  more  soluble  than  the  corresponding  one  of 
arginin  and  has  been  used  as  a means  of  separation  (Hedin6).  The 
acid  compound,  C6H14N202.HN03i-f  AgN03,  is  easily  soluble  and 
crystallizes  from  water  by  addition  of  alcohol  and  ether  in  beautiful 
needles. 

Mercuric  chlorid7  does  not  precipitate  dilute  solutions  of  lysin 
and  arginin.  The  nitrate  by  itself  does  not  precipitate  lysin  or 
arginin  but  upon  the  addition  of  sodium  hydrate  these  bases  are 
thrown  down. 

With  benzoyl  chlorid8  lysin  forms  a di-benzoyl  derivative — 
lymric  acid  — which  corresponds  to  ornithuric  and  hippuric  acids. 
This  compound  forms  acid  as  well  as  neutral  salts  which  have  been 
studied  by  Drechsel  and  by  Willdenow.  The  acid  barium  salt  crys- 
tallizes easily  and  is  useful  for  the  separation  and  purification  of 
lysin.  In  the  presence  of  acids,  lysuric  acid  is  soluble  in  ether  but 
not  in  petroleum  ether  which  therefore  can  be  used  for  its  separation 
(Lawrow 9).  A mono-benzoyl  derivative  has  also  been  prepared. 

Ornithin,  C5H]2N202,  was  discovered  in  1877  by  Jaffe  who  ob- 
tained it  in  the  form  of  ornithuric  acid  from  the  urine  of  chicken 

1 foils.  physiol.  Chem.,  29,  323. 

2 Zeits.  physiol.  Chem.,  25,  180  ; 26,  586  ; 28,  398  ; 33,  553. 

3 Rerichte,  25,  2455. 

4 Zeits.  physiol.  Chem. , 28,  89. 

5 Zeits.  physiol.  Chem.,  28,  469  ; 33,  561. 

8 Zeits.  physiol.  Chem.,  21,  300,  303. 

1 Zeits.  physiol.  Chem.,  21,  303  ; 25,  176. 

8 Rerichte,'  28,  3189  ; Zeits.  physiol.  Chan.,  25,  522 ; 26,  398  ; 33,  562. 

9 Zeits.  physiol.  Chem.,  28,  585. 
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after  administration  of  benzoic  acid.  This  acid  as  pointed  out  on 
p.  437  is  a di-benzoyl  compound  of  ornithin  and  yields  the  base  on 
cleavage  with  concentrated  acid.  Ornithin  therefore  can  be  looked 
upon  as  an  intermediate  waste  product  (and  possibly  as  an  uric 
acid  antecedent)  in  the  chicken  just  as  glycocoll  is  such  in  other  ani- 
mals. The  base,  however,  is  by  no  means  peculiar  to  the  chicken, 
inasmuch  as  it  exists  preformed  in  arginin  which,  as  pointed  out 
(p.  426),  is  present  in  all  proteid  matter,  whether  of  animal  or  plant 
origin.  The  partial  synthesis  of  arginin  from  ornithin  and  cyanamid 
has  been  referred  to.  Ornithin  can  be  prepared  readily  from  arginin.1 

The  belief  of  Jaff6  that  ornithin  was  a di-amido  valerianic  acid  has 
been  definitely  established  in  the  past  year  or  two.  The  cleavage  of 
arginin  into  urea  and  ornithin  and  the  decomposition  of  the  latter  by 
bacteria  into  putrescin  demonstrate  that  this  peculiar  base  is  a-d 
diamiuo  valerianic  acid  (p.  438). 

The  synthesis  of  a-d  diamino  valerianic  acid  has  only  recently 
been  effected  by  Fischer.2  It  yields  with  benzoyl  chlorid  a di-ben- 
zoyl derivative,  C19H20N2O4,  which  is  strikingly  similar  to  ornithuric 
acid.  While  the  latter  melts  at  182°  (Jaff§),  184°  (Schulze  and 
Winterstein),  the  synthetic  product  melts  at  184°— 185°.  The  syn- 
thetic and  natural  ornithuric  acids  yield  the  same  characteristic  cal- 
cium salt,  (C19H19N204)2Ca.  They  both,  on  partial  cleavage,  form 
the  mono-benzoyl  derivative,  which  in  the  case  of  the  natural  base 
crystallizes  in  needles  (Jaff6),  whereas  the  synthetic  body  forms  plates. 

The  synthetic  ornithin  is  strongly  alkaline  in  reaction,  gives  a 
flocculent  white  precipitate  with  mercuric  chlorid  and  in  acid  solu- 
tion gives  with  phosphotungstic  acid  a heavy  crystalline  precipitate 
which  easily  dissolves  on  heating  and  reappears  on  cooling  in  color- 
less needles.  The  only  real  difference  between  the  synthetic  and 
natural  ornithin  is  in  the  fact  that  the  latter  is  dextro-rotatory,  while 
the  former  is  inactive.  The  synthetic  ornithin  is  therefore  the  racemic 
form  of  the  natural  base  as  obtained  from  chicken  and  from  arginin. 
The  properties  of  the  base  and  of  several  of  its  salts  have  been  de- 
scribed by  Schulze  and  Winterstein.3  Like  lysin  it  unites  with 
phenyl  isocyanate  to  form  an  addition  product  which  with  hydro- 
chloric acid  yields  an  easily  crystallizable  hydantoin  (Herzog 4). 

Ornithin  on  cleavage  by  bacteria  yields  putrescin  and  it  is  very 
probable  that  this  change  may  be  effected  by  chemical  means  and 
also  by  metabolism  within  the  body.  Indeed  Lawrow’s®  studies 
upon  the  auto-digestion  of  pig’s  stomachs  show  that  pepsin  may 
split  up  protcid8  into  monamido  acids  and  the  diamins — cadaverin  and 
putrescin.  The  occurrence  of  these  bases  in  cystinuria  may  be  ac- 

1 Zeits.  physiol.  Chem. , 34,  525. 

2 Berichte,  34,  454  (1901). 

3 Zeits.  physiol.  Chem.,  34,  128. 

4 Zeits.  physiol.  Chem.,  34,  525. 

5 Zeits.  physiol.  Chem.,  33,  312. 
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counted  for  by  abnormal  metabolism  rather  than  by  bacterial  activity, 
and  if  so,  it  may  be  possible  to  demonstrate  the  presence  of  the  ante- 
cedents ornithin  and  lysin. 

The  relation  of  lysin  to  cadaverin  and  of  the  latter  to  piperidin 
(p.  442),  suggests  a similar  relation  between  ornithin,  putrescin  and 
pyrrolidin.  The  carboxyl  derivative  of  the  latter  has  been  obtained 
from  proteids  and  will  be  described  next. 

a-Pyrrolidin  carbonic  acid,  C5H9N02,  is  a product  ot  proteid 
cleavage  which  differs  from  all  others  in  that  it  has  a nitrogen  con- 
taining ring.  It  undoubtedly  originates  from  and  is  related  to  the 
hexon  bases  arginin,  histidin  and  ornithin.  This  is  seen  in  the  fact 
that  Schulze  and  Winterstein  obtained  a pyrrolidin-like  body  on  dry 
distillation  of  arginin  and  of  ornithin.  On  the  other  hand,  although 
this  base  results,  according  to  Fischer,  in  the  hydrolytic  decomposi- 
tion, with  hydrochloric  acid,  of  casein,  egg-albumin,  fibrin  and  gelatin 
(Levene),  it  does  not  form  when  arginin  or  ornithin  are  subjected  to 
the  same  method.  For  this  reason  Fischer1  is  inclined  to  consider 
it  as  a primary  cleavage  product  of  proteids.  It  is  conceivable,  how- 
ever, that  this  base  may  originate  in  the  cleavage  of  histidin  or  its 
parent  substance  (p.  442)  under  conditions  similar  to  the  forma- 
tion of  uric  acid  out  of  hypoxanthin  or  out  of  thymus  gland  (p.  344), 
in  which  case  urea  would  be  split  off  and  the  chain  would  then  re- 
close to  form  the  pyrrolidin  carbonic  acid. 

The  presumed  formation  of  this  base  from  ornithin  can  be  ex- 
pressed by  the  following  equation  : 

OH,— OH, 

NH,. CH,. CH,. CH,. CH ( NH,). COOH  = CH,  CH.COOH -f  NHS. 

NH 

This  equation  should  be  compared  with  those  for  piperidin  and  his- 
tidin on  page  442.  It  is  noteworthy  that  this  acid  is  closely  related 
to  the  cleavage  products  of  atropin  and  cocain,  namely  tropic  and 
hygrinic  acids.  Moreover,  as  indicating  the  possibility  of  its  being 
a secondary  product  of  proteid  cleavage  may  be  mentioned  the  fact 
that  a methyl  1-4  di-amido  valerianic  acid  on  treatment  with  hydro- 
chloric acid  yields  a methyl  pyrrolidin  carbonic  acid  (Wildstiitter 
and  Ettlinger2 *). 

The  synthesis  of  a-pyrrolidin  carbonic  acid  has  been  effected  in- 
dependently by  Wildstatter s and  by  Fischer.4  As  in  the  case  of 
ornithin  the  synthetic  body  is  the  racemic  form  whereas  the  natural 
product  is  both  active  and  inactive.  Thus,  from  casein  Fischer  ob- 

1 Zcit 8.  physiol.  Chern.,  33,  152,  163,  412. 

8 Berichte , 35,  620. 

* Berichte,  33,  1160. 

4 Berichte,  34,  454  ( 1901 ) . 
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tained  about  3.2  per  cent,  yield  of  the  acid,  and  of  this  about  two- 
thirds  was  levo-rotatory,  the  remainder  being  inactive.  On  heating 
with  baryta  under  pressure  the  active  form  is  changed  into  the  inac- 
tive. 

The  free  acid  melts  at  203-206°  (198°  Wildstatter)  with  decom- 
position and  gives  off  an  odor  of  pyrrolidin.  This  odor  is  also  noted 
during  the  evaporation  of  a solution.  It  forms  flat  needles  which 
effloresce.  Owing  to  its  marked  solubility  in  water  and  in  alcohol 
it  was  overlooked  in  previous  studies  of  casein.  It  gives  with  phos- 
photungstic  acid  a crystalline  precipitate  which  easily  dissolves  on 
boiling. 

The  active  form  unites  in  alkaline  solutions  with  phenyl  isocyanate 
to  form  a cyanate,  the  anhydrid  of  which  readily  crystallizes  and 
melts  at  143°,  wdiereas  that  from  the  inactive  form  melts  at  118°. 

On  boiling  with  freshly  precipitated  copper  oxid  the  acid  forms 
the  easily  crystallizable  salt  (C5H^02),Cu  + 2H20,  which  is  espe- 
cially useful  for  the  isolation  of  the  acid.  The  salts  of  both  active 
and  inactive  forms  possess  the  same  properties. 

The  ethyl  ester  boils  at  75°  - 76°  at  11  mm.  pressure.  It  was  by 
fractional  distillation  of  the  esters  of  the  monamino  acids  which  re- 
sult in  the  hydrolytic  cleavage  of  proteids  that  this  acid  was  isolated 
by  Fischer. 

Gerontin,  C5HUN2,  is  a base  which  was  isolated  by  Grandis  in 
1890.  It  has  been  repeatedly  observed  in  the  form  of  peculiar  crys- 
tals found  in  the  cell  nuclei  in  the  liver  and  kidneys,  particularly  of 
old  dogs.  The  free  base  is  an  isomer  of  cadaverin,  etc.,  and  re- 
sembles it  somewhat.  It  crystallizes  in  needles  which  are  readily 
soluble  in  water  and  alcohol ; possesses  a strongly  alkaline  reaction, 
and  yields  the  ordinary  alkaloidal  reactions. 

The  hydrochlorid  forms  prismatic  crystals,  which  are  deliquescent 
and  easily  soluble  in  alcohol. 

The  platinochlorid,  Cr II M N2. 2 II Cl . P tCl 4 , is  soluble  in  water  and 
crystallizes  in  spindle-shaped  needles,  arranged  in  rosettes.  It  de- 
composes at  115°. 

The  gold  salt  forms  small  needles,  and  is  easily  soluble  in  water 
and  alcohol. 

It  combines  with  one  molecule  of  mercuric  chlorid  to  form  deli- 
quescent cubes  or  rectangular  prisms  containing  two  molecules  of 
water  of  crystallization.  It  decomposes  above  100°.  This  distin- 
guishes it  from  cadaverin,  which  combines  with  three  to  four  mole- 
cules of  mercuric  chlorid.  The  crystals  observed  in  the  liver  are 
probably  the  phosphate. 

The  new  base  also  yields  a benzoyl  compound  which  melts  at 
175°- 176°. 

It  seems  to  exert  a paralyzing  action  upon  the  nerve-centers  and 
29 
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heart-ganglia,  and  leaves  the  nerves  and  muscles  unaffected.  0.5  mg. 
kills  10  g.  frogs. 

Spermin,  C2H5N,  or  C5H14N2,  is  the  basic  substance  obtained  by 
Schreiner  (1878)  from  semen,  calf’s  heart,  calf’s  liver,  bull’s  testi- 
cles, from  the  organs  of  leukemics,  and  also  from  the  surface  of 
anatomical  specimens  kept  under  alcohol.  Poehl  has  found  it  in  the 
testes,  ovaries,  prostate,  thyroid  gland,  pancreas  and  spleen.  In 
1888  Kunz  reported  the  presence  of  a non-poisouous  base,  C2H5N, 
spermin  or  ethyleneimid  in  cholera  cultures.  In  this  case  it  occurs, 
then  as  a ptomain.  A confirmation  of  the  identity  of  the  two  bases 
is  necessary.  Previous  to  this,  however,  it  had  been  known  for  a 
long  time  under  the  name  of  “ Charcot-Neumann  or  Leyden  crys- 
tals,” which  are  the  phosphate  of  spermin.  These  peculiarly  shaped 
crystals  have  been  found  in  the  sputa  of  a case  of  emphysema  with 
catarrh,  in  the  bronchial  discharges  in  acute  brouchitis,  as  well  as  in 
sputa  of  chronic  bronchitis,  in  the  blood,  spleen,  etc.,  of  leucocy- 
themics  and  anemics,  and  in  the  normal  marrow  of  human  bones, 
as  well  as  in  human  semen,  also  in  nasal  secretions  and  in  feces. 
Altogether  it  seems  to  have  a very  wide  distribution,  especially  in 
certain  diseases,  as  in  leucocythemia. 

Spermatic  stains  yield  with  iodin  the  so-called  Florence’s  crystals 
which  resemble  those  of  Teichmann.  These  crystals,  however,  are 
not  characteristic  of  sperma  but  may  be  obtained  from  any  lecithin- 
(cholin)-containing  fluid.  They  have  been  obtained  from  liver  and 
brain  extracts,  and  from  elder  blossoms.  According  to  Bocarius,1 
the  crystals  represent  a derivative  of  choliu  and  not  an  iodo-spermin 
as  first  supposed. 

It  can  be  prepared  from  fresh  human  semen  in  the  following 
manner  : The  semen  is  washed  out  of  linen  by  a little  warm  water, 
evaporated  to  dryness,  boiled  with  alcohol,  and  the  insoluble  por- 
tion is  allowed  to  subside  by  standing  some  hours.  The  precipitate 
is  filtered  off,  washed,  and  dried  at  100°.  This  residue,  containing 
the  spermin  phosphate,  is  triturated,  and  then  extracted  with  warm 
ammoniacal  water.  From  this  solution,  on  slow  evaporation,  the 
phosphate  crystallizes  in  its  peculiarly  shaped  crystals. 

The  free  base  is  obtained,  on  decomposing  the  phosphate  with  baryta 
and  evaporating  the  filtrate,  as  a colorless  liquid  which  on  cooling 
crystallizes.  From  alcohol  it  crystallizes  in  wavellite-shaped  crystals 
which  readily  absorb  water  and  carbonic  acid  from  the  atmosphere. 
They  are  readily  soluble  in  water  and  in  absolute  alcohol,  almost,  in- 
soluble in  ether,  and  possess  a strong  alkaline  reaction.  When 
heated  on  a platinum  foil  it  gives  off  thick,  white  fumes  and  a weak 
ammoniacal  odor.  With  potassium  bismuth  iodid  it  yields  orange- 
colored  crystalline  floccules,  which  under  the  microscope  appear  as 

1 Zeits.  physiol.  Chem.,  34,  339. 
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long,  sharp,  plumose  needles  — distinction  from  diethylenediamin. 
The  aqueous  solution  of  the  base  is  precipitated  by  phosphomolybdic, 
phosphotungstic  and  tannic  acids,  gold  and  platinum  chlorids.  It 
cannot  be  volatilized  from  alkaline  solution  by  steam  without  under- 
going decomposition  (Majert  and  Schmidt).  It  is  not  poisonous. 

The  hydrochlorid,  C2H5N.HC1  (?),  crystallizes  in  six-sided  prisms, 
united  in  tufts,  and  is  extremely  soluble  in  water,  almost  insoluble 
in  absolute  alcohol  and  ether. 

The  aurochlorid,  C2H5N.HCl.AuCl3  (?),  forms  shining,  golden- 
yellow,  irregular  plates,  and  -when  freshly  precipitated  it  is  easily 
soluble  in  water,  alcohol,  and  ether,  but  the  dried  salt  is  incom- 
pletely soluble  in  water.  The  aqueous  solution,  treated  with  mag- 
nesia, gives  off  a sperm-like  odor.  The  platinochlorid  crystallizes 
in  prisms. 

The  phosphate,  (C2H5N)2.H3P04  + 3H20  (?),  forms  prisms  and 
slender  double  pyramids  arranged  in  rosettes.  It  is  difficultly  sol- 
uble in  hot  water,  insoluble  in  alcohol,  easily  soluble  in  dilute  acids, 
alkalis  and  alkali  carbonates.  It  melts  with  decomposition  at  about 
170°.  It  is  probable  that  the  above  formula  does  not  represent  the 
salt  as  found,  and  from  theoretical  considerations  Ladenburg  is 
inclined  to  think  that  Schreiner’s  phosphate  has  the  composition 
(C2H5NH)4Ca(P04)2. 

Ladenburg  and  Abel  prepared  in  1888  a compound,  ethyleneimin, 
which  was  first  supposed  to  be  isomeric  with  spermin.  The  reaction 
whereby  it  is  prepared  is  similar  to  that  by  which  Ladenburg 
effected  the  synthesis  of  piperidin.  Ethylenediamin  hydrochlorid  is 
subjected  to  dry  distillation,  when  it  decomposes  into  ammonium 
chlorid  and  the  hydrochlorid  of  the  new  base.  The  reaction  was 
supposed  to  be  represented  by  the  equation  : 


IHjNH,.HCl 

!H,NH,.HC1 


|jH,X>NH.HCl  + NH.C1. 
OH/ 


Since  then  Ladenburg  showed  that  the  boiling  point  of  this 
compound  did  not  agree  with  what  it  should  be  theoretically,  if 
represented  by  the  above  formula.  A determination  of  the  vapor 
density  showed  that  the  molecular  weight  was  twice  that  correspond- 
ing to  the  formula  given,  and  hence  was  C4H10N2.  Majert  and 
Schmidt  assuming  spermin  to  be  ethyleneimin,  as  was  apparently 
shown  by  Ladenburg  and  Abel’s  investigation,  attempted  to  prepare 
the  latter  on  a manufacturing  scale  with  the  expectation  that  it 
might  be  used  as  a substitute  for  Brown-S6quard’s  testicular  fluid. 
They  were  soon  able  to  show,  however,  that  ethyleneimin  did  not 
possess  the  composition  assigned  to  it,  but  that  it  was  identical  with 
Hofmann’s  diethylenediamin  (piperazin,  p.  418), 
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This  was  soon  confirmed  by  Hofmann  and  by  Ladenburg.  Spermin 
was  then  assumed  to  be  identical  with  piperazin,  but  later  (1891) 
Majert  and  Schmidt  compared  some  spermin  from  Schreiner  with 
their  own  piperazin  and  found  the  two  bases  to  be  distinct,  especially 
with  reference  to  the  phosphate  and  the  potassium  bismuth  iodid 
precipitates.  Poehl  confirmed  the  difference  between  spermin  and 
piperazin. 

On  cleavage  of  casein  with  hydrochloric  acid  Cohn  1 obtained  a 
substance  which  at  first  he  regarded  as  a pyridin  derivative,  C5H7NO. 
Later  (1900),  he  gave  up  his  view  as  to  its  pyridin  nature  and 
adopted  the  formula  (C6HuNO)2 , that  of  a leucinimid.  This  body 
as  well  as  the  basic  reduction  product  (C6H13N)2  he  now  regards  as 
derivatives  of  piperazin  or  diethylenediamiu.  The  piperazin  nature 
of  Cohn’s  products  is  supported  by  the  work  of  Hoyer.2  Nevertheless 
it  is  true  that  as  yet  there  is  no  evidence  that  piperazin  bases  exist 
preformed  in  the  proteid  molecule.  The  related  pyrimidin  group, 
however,  is  present  (see  p.  418). 

In  1891  Poehl  announced  that  the  composition  of  spermin  was 
more  complex  than  was  formerly  supposed.  He  ascribed  to  it  the 
formula  C10H2fiN4 . The  formula  of  the  platinum  salt  corresponded 
to  C10H2GN4.4IIC1.2PtCl4 ; and  that  of  the  gold  salt  was  represented 
by  C10H26N,.4PIC1.4AuC13  . Later  he  gave  the  formula  CSH]4N2 . 

From  this  it  would  appear  that  spermin  is  essentially  distinct 
from  piperazin.  The  composition  and  structure  of  this  interesting 
base  must  therefore  be  considered  as  not  settled.  Undoubtedly 
bodies  of  entirely  different  composition  have  been  included  under 
the  head  of  spermin.  It  is  quite  probable  that  it  is  related  to 
cadaverin  in  which  case  its  source  might  be  looked  for  in  the  prota- 
min  or  histon  molecule. 

According  to  Poehl,  it  acts  as  a tonic  on  the  entire  nervous 
system. 

a-Methyl  quinolin,  C10HaN , is  present  in  part  or  wholly  as  the 
free  base  in  the  secretion  of  the  anal  glands  of  the  skunk  (Mephitis 
mephitica).  It  was  isolated  in  1897  by  Aldrich  and  Jones  3 and  is 
of  special  interest  since,  with  the  exception  of  the  kynurenic  acid  4 
from  the  dog’s  urine,  it  is  the  only  quinolin  compound  isolated 
from  the  animal  body.  The  structure  of  these  two  quinolin  deriva- 
tives is  represented  by  the  formulae  : 

i Zcita.  physiol.  Chem.,  22,  153;  26,  395  ; 29,  283. 

3 Zeits.  physiol.  Chem.,  34,  347. 

3 Joum.  Exp.  Med,.,  2,  439,  1897. 

* Zeits.  physiol.  Chem.,  33,  390,  1901. 
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o-Mkthtl  Qoinomn.  Kynubknic  Acid,  or 

y OXY  0 QUINOLIN  CABBONIC  ACID. 

The  latter  by  splitting  off  the  carboxyl  group  yields  kynurin,  the 
homologue  of  indoxyl.  The  methyl  quinolin  may  be  compared  with 
skatol  or  /3-methyl  indol.  The  proteid  molecule  is  unquestionably 
the  source  of  the  quinolin  as  well  as  of  the  indol  derivatives.  The 
existence  of  pyrrolidin  carbonic  acid  among  the  cleavage  products  of 
proteids  has  been  noted  on  p.  448. 

The  base  is  a highly  refractive,  colorless  oil  possessing  a faint 
quinolin  odor  which  is  very  pronounced  on  warming.  It  is  readily 
volatile  with  steam  and  fumes  when  hydrochloric  acid  is  held 
near  it.  It  is  readily  soluble  in  ether,  chloroform,  alcohol  and  in 
mineral  acids  ; insoluble  in  alkalis  and  sparingly  soluble  in  both  hot 
and  cold  water.  It  forms  addition  products  with  methyl  iodid  and 
with  bromin.  With  phthalic  anhydrid  it  yields  quinaldin  yellow. 

The  platinochlorid,  (C10H9N.HCl)2PtCl4 , forms  characteristic 
yellow  needles  which  melt  at  226°-  230°.  It  is  sparingly  soluble  in 
cold  water  and  on  heating  in  a test-tube  it  decomposes,  giving 
rise  to  a volatile  oil  which  on  cooling  yields  transparent  colorless 
needles. 

The  aurochlorid  is  precipitated  as  fine  slender  yellow  needles 
which  melt  at  153°.  It  is  more  soluble  than  the  preceding  com- 
pound. The  silver  nitrate  compound  forms  colorless  needles. 

The  bichromate,  (CI0H9N)2.H2Cr2O7 , is  extremely  characteristic 
and  is  precipitated  as  a yellowish  red  oil  which  promptly  crystallizes, 
forming  needles  which  in  form  and  color  resemble  those  of  the 
platinum  salt.  It  melts  with  decomposition  at  130-140°.  A 
ferrocyanid  can  also  be  prepared. 

The  picrate  forms  yellow  crystals  which  on  rapid  heating  melt  at 
177°. 

The  zinc  chlorid  compound,  (C10H9N.HCl)2.ZnCl2 , according  to 
Aldrich  and  Jones  is  especially  useful  for  the  separation  and  purifi- 
cation of  the  base.  It  is  readily  soluble  in  hot,  insoluble  in  cold 
water.  It  forms  gypsum-like  crystals  which  melt  at  230°- 240.° 

According  to  Cohn  1 the  injection  of  this  base  into  dogs  gives 
rise  to  an  intense  icterus  which  soon  passes  away.  Rabbits  are  more 
susceptible  and  large  doses  cause  pronounced  hemoglobinuria  and 
eventually  death.  In  neither  animal  does  quinolin  appear  in  the 
urine  showing  that  the  group  is  apparently  destroyed  in  the  body. 

1 Zeits.  physiol.  Chem.,  20,  210,  1894. 
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THE  CREATININ  GROUP. 

The  knowledge  of  the  formation  of  basic  substances  (ptomaine) 
during  the  putrefaction  of  nitrogenous  organic  matter  led  to  a series 
of  investigations  having  for  their  object  the  isolation  of  alkaloidal 
bodies,  if  such  existed,  from  the  normal  living  tissues  of  the  organ- 
ism. A number  of  basic  compounds,  such  as  the  purin  bases  al- 
ready described,  had  been  known  for  a long  time,  although  their 
physiological  relation  to  the  animal  economy  was  little,  if  at  all, 
understood.  Guareschi  and  Mosso,  in  the  course  of  their  researches 
on  ptomains,  were  among  the  first  to  direct  their  attention  to  the 
possible  presence  of  ptomain-like  bodies  in  fresh  tissues.  They  ob- 
tained in  those  cases  where  the  extraction  was  carried  on  without 
the  use  of  acids  only  very  minute  traces  of  an  alkaloidal  body  (pos- 
sibly cholin),  and  an  inert  substance,  methyl  hydantoin,  which, 
although  it  can  scarcely  be  classed  as  a basic  compound,  is  closely 
related  to  creatin,  and  to  methyl  guanidin  (page  284),  and  for  this 
reason  will  be  described  at  the  end  of  this  section.  Other  Italian 
chemists,  as  Paterno  and  Spica  and  Marino-Zuco,  had  also  shown 
that  the  normal  fluids  and  tissues  of  the  body  were  capable  of  yield- 
ing substances  alkaloidal  in  nature,  and  these  were  regarded  by  them 
as  identical  with,  or  similar  to,  the  ptomains  of  Selmi. 

Gautier  devoted  much  time  to  the  study  of  the  leucomains  occur- 
ring in  fresh  muscle  tissue,  and  he  succeeded  in  isolating  the  several 
compounds  presently  to  be  described. 

A number  of  these  substances  are  credited  with  possessing  an  in- 
tensely poisonous  action,  and  if  this  is  the  case,  it  is  very  evident 
that  any  undue  accumulation  of  such  bases  in  the  system,  resulting 
either  from  an  interference  in  the  elimination  or  lack  of  destruction, 
may  give  rise  to  serious  disturbances.  The  amount  of  these  substances 
present  in  the  urine  is  said  to  be  very  small — so  small,  indeed,  that  we 
must  rather  look  upon  this  minute  quantity  as  having  escaped  oxi- 
dation in  the  body.  It  is  well  known  that  the  living  tissues  possess 
an  enormous  oxidizing  and  reducing  power,  and,  according  to  Gau- 
tier, there  is  constantly  going  on  in  the  normal  tissues  of  the  body  a 
cycle  of  changes — the  formation  of  leucomains  and  their  subsequent 
destruction  by  oxidation,  before  they  have  accumulated  in  sufficient 
quantity  to  produce  poisonous  effects.  This  formation  and  destruc- 
tion of  bases  in  the  body  has  been  shown  to  occur  in  the  case  of  the 
purin  bodies  (page  343)  and  obviously  intermediate  cleavage  prod- 
ucts in  proteid  and  other  metabolisms  are  being  constantly  formed 
to  be  converted  promptly  into  other  and  more  simple  bodies.  Cre- 
atin and  creatinin  are  examples  of  this  kind,  and  Gautier’s  bases 
show  more  or  less  relation  to  these  substances.  It  is  eminently  de- 
sirable, however,  that  the  results  obtained  by  Gautier  and  his  co- 
workers be  confirmed,  if  possible,  in  view  of  the  reasonable  doubt 
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that  may  be  raised  as  to  the  chemical  individuality  or  purity  of  some 
of  these  compounds.  The  study  of  the  hexon  bases  and  of  the  mon- 
amino- and  di-amino  acids  in  general  make  such  a revision  all  the 
more  necessary. 

The  following  method  was  employed  by  Gautier  in  his  study  of 
the  leucomains  of  muscle  tissue : The  finely  divided  fresh  beef-meat 
or  the  Liebig’s  meat  extract  is  treated  with  twice  its  weight  of  water, 
containing  0.25  gram  of  oxalic  acid,  and  one  to  two  c.c.  of  com- 
mercial peroxid  of  hydrogen  per  liter.  The  purpose  of  these  pre- 
cautions is  to  prevent  fermentation.  Inasmuch  as  peroxid  of  hy- 
drogen is  not  without  action  on  organic  substances  its  use  should 
be  avoided.  At  the  end  of  twenty-four  hours  the  liquid  is  raised  to 
the  boiling  point,  then  filtered  through  linen,  and  the  residue  is 
thoroughly  squeezed.  The  filtrate  is  again  raised  to  the  boiling 
point  in  order  to  coagulate  any  remaining  albumin,  and  finally 
filtered  through  paper.  The  clear  liquid  thus  obtained  is  evaporated 
in  a vacuum  at  a temperature  not  exceeding  50°,  and  the  acid  syrupy 
residue  is  extracted  with  99  per  cent,  alcohol  ; the  alcoholic  extract 
is  in  turn  evaporated  in  a vacuum,  and  the  residue  taken  up 
with  warm  alcohol  of  the  same  strength.  The  filtered  alcoholic 
solution  is  set  aside  for  twenty-four  hours,  and  any  deposit  which 
forms  is  removed  by  filtration  ; ether  (65°)  is  then  added  as  long  as 
a precipitate  continues  to  form,  and  the  whole  is  again  allowed  to 
stand  for  twenty-four  hours.  The  ether-alcoholic  filtrate  from  this 
precipitate  is  evaporated  first  on  the  water-bath,  and  finally  in  a 
vacuum  ; the  slight  residue  obtained  contains  a small  quantity  of 
basic  substances  possessing  the  odor  of  hawthorn. 

The  syrupy  precipitate  produced  by  the  ether  partially  crystallizes 
on  standing  ; a little  absolute  ether  is  then  added,  and  after  standing 
several  days  more  the  liquid  is  separated  by  means  of  an  aspirator 
from  the  deposit  of  crystals  (A).  These  are  first  washed  with  99 
per  cent,  alcohol,  and  then  extracted  with  boiling  95  per  cent,  alcohol. 
The  alcoholic  solution,  concentrated  by  evaporation,  gives,  on  cool- 
ing, a deposit  of  lemon  yellow  crystals  of  xantho-creatinin  (B),  from 
the  mother  liquor  of  which  there  separates  a crop  of  new  crystals 
(C).  The  residue  of  the  crystals  (A)  left  after  treatment  with  the 
boiling  95  per  cent,  alcohol  is  extracted  with  boiling  water,  which 
afterward  gives  a slight  deposit  of  yellowish  white  crystals  of  amphi- 
creatin  (D).  The  aqueous  mother  liquor  on  concentration  yields 
another  deposit  of  orange  colored  crystals  of  cruso-creatinin  (E). 
Gautier  has,  furthermore,  separated  three  other  bases  from  the 
mother  liquors  of  the  crystals  obtained  as  above.  Thus,  a base 
which  he  named  pseudoxanthin  is  stated  to  have  been  obtained  by 
evaporating  the  alcoholic  mother  liquors  of  B,  D,  E (?)  in  a vacuum, 
taking  up  the  residue  with  water,  and  precipitating  the  hot  solution 
with  copper  acetate.  The  precipitate  is  decomposed  with  hydrogen 
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sulphid,  and  the  aqueous  solution,  filtered  while  boiling  hot,  yields  a 
deposit  of  a sulphur  yellow  powder  of  pseudoxanthin.  Thus,  by  the 
use  of  alcohol,  ether,  and  water,  Gautier,  according  to  his  statement, 
has  succeeded  in  obtaining  a sharp  separation  between  these  bases. 
The  importance  of  the  subject  is  such  as  to  require  not  only  confir- 
mation of  the  results  arrived  at  by  Gautier,  but  also  a more  detailed 
and  exact  study  of  the  chemical  and  physiological  behavior  of  these 
bodies. 

The  following  method  was  employed  by  Gautier  and  Landi  in 
1892  in  their  study  of  the  changes  in  meat.  The  meat  extract  was 
concentrated  in  a vacuum  to  one-eighth  its  volume,  then  cooled, 
precipitated  with  neutral  lead  acetate,  filtered,  and  after  washing  the 
precipitate,  the  filtrate  was  again  concentrated  to  one-half  its  volume, 
and  the  lead  removed  by  hydrogen  sulphid.  The  filtrate  was  again 
concentrated  to  one-half  its  bulk  and  dialyzed.  The  bases  are  pres- 
ent in  the  dialysate.  The  dialyzed  portion  therefore  was  concen- 
trated, acidulated  with  nitric  acid,  and  precipitated  with  phospho- 
molybdic  acid.  The  precipitate  is  collected  and  washed  at  once  with 
very  dilute  nitric  acid,  then  with  water.  It  is  then  boiled  with 
neutral  lead  acetate ; the  bases  and  the  greater  part  of  the  xanthin 
and  carnin  pass  into  solution.  After  removal  of  the  lead,  the  fil- 
trate is  evaporated  in  a vacuum,  then  extracted  with  alcohol.  The 
residue  is  examined  for : 

Bases  A. — It  is  treated  with  dilute  ammonia  ; this  dissolves  xan- 
thin, hypoxanthin,  guauin,  carnin,  etc.,  whereas  creatin,  etc.,  are  in- 
soluble. The  ammonia  is  allowed  to  evaporate,  and  hence  adenin 
and  guanin  separate  out.  Hypoxanthin  and  xanthin  remain  in 
solution. 

Bases  B. — The  alcoholic  filtrate  from  above  residue  is  neutralized, 
concentrated,  and  treated  with  mercuric  chlorid.  The  mercury 
precipitate  is  washed,  decomposed  with  hydrogen  sulphid,  the  solu- 
tion filtered,  and  the  filtrate  is  precipitated  with  copper  acetate  : 

1.  In  the  cold — acids  of  the  carbopyridic  series,  which  are  crys- 
talline and  give  crystalline  platinochlorids. 

2.  In  boiling  solution — xanthin  bases. 

3.  The  portion  not  precipitated  by  cold  or  hot  copper  acetate  is 
the  most  important.  The  copper  is  removed  with  hydrogen  sulphid, 
the  filtrate  evaporated  to  dryness,  and  extracted  with  alcohol— 
guanin,  creatin,  neurin,  chlorin,  butylenediamin,  etc.,  neuridin, 
ethylenediamin  ; hydropyridin  bases  and  homologues,  and  bases  that 
give  pyrrol  on  distillation  with  lime;  all  are  very  poisonous. 

Bases  C. — The  mercuric  chlorid  filtrate  is  concentrated  to  drive 
off  the  alcohol  and  the  mercury  removed  with  hydrogen  sulphid. 
Lead  acetate  is  added,  the  liquid  filtered,  and  after  removal  of  the 
lead  is  evaporated  to  dryness  and  extracted  with  dilute  alcohol- 
the  residue  was  creatin ; the  filtrate  contained  oxy-ethylenamin, 
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methyl  guanidin,  etc.  Almost  all  of  these  are  poisonous.  They 
are  less  abundant  than  the  others. 

(а)  Xanthin  bases.  Exist  in  minute  amount  in  meat  and  are  not 
toxic. 

(б)  Carbopyridic  bases.  Likewise  present  only  in  small  amount. 
They  produce  stupefaction  in  animals,  but  otherwise  are  not 
dangerous. 

(c)  Neurin  and  hydropyrrolic  bases.  They  are  the  most  abundant 
leucomains  in  meat,  and  are  the  most  poisonous.  Minute  doses  in 
mice  produce  dyspnoea,  spasmodic  movements  of  the  extremities, 
bristling  of  the  hair,  paralysis,  tetanic  convulsions  and  death.  The 
presence  of  neurin  as  a muscle  constituent  may  well  be  questioned 
especially  since  Gulewitsch  has  been  unable  to  find  it  in  fresh  brains. 

( d ) Creatin  bases.  These  produce  in  mice  vomiting,  diarrhoea, 
tetanic  convulsions  followed  by  paralysis  of  the  extremities. 

Cruso-creatinin,  C5H8N40,  forms  orange  yellow  crystals  which 
are  slightly  alkaline  in  reaction  and  possess  a somewhat  bitter  taste. 
It  yields  a soluble,  non-deliquescent  hydrochlorid  crystallizing  in 
bundles  of  needles ; also  a soluble  platiuochlorid  which  forms  tufts 
of  beautiful,  slender  prisms.  The  aurochlorid  is  obtained  as  slightly 
soluble,  crystalline  grains,  and,  like  the  platinum  double  salt,  is 
partially  decomposed  on  heating.  It  is  not  precipitated  by  acetate 
of  zinc  or  by  mercuric  nitrate,  but  is  precipitated  in  the  cold  by 
solutions  of  alum.  Zinc  chlorid  produces  in  somewhat  concentrated 
solutions  a pulverulent  precipitate  which  dissolves  on  heating,  and 
recrystallizes  again  on  cooling.  Like  xantho-creatinin,  it  is  not 
thrown  out  of  solution  by  oxalic  or  nitric  acid,  and  is  thus  dis- 
tinguished from  urea  and  guanidin  ; nor  is  it  precipitated  by  acetate 
of  copper — a distinction  from  xanthin  derivatives.  Mercuric  chlorid 
produces  an  abundant  flocculent  precipitate  which  on  heating  partially 
dissolves,  decomposing  at  the  same  time.  Sodium  phosphomolybdate 
gives  a heavy  yellow  precipitate,  whereas  potassium  mercuric  chlorid 
and  iodin  in  potassium  iodid  have  no  effect.  Potassium  ferricyanid 
is  not  reduced.  This  base  differs  in  its  composition  from  creatinin 
by  HCN,  the  elements  of  hydrocyanic  acid,  but  in  its  crystalline 
form  and  alkaline  reaction,  and  some  other  properties,  it  would  seem 
to  be  closely  related  to  this  latter  substance.  Because  of  this  ap- 
parent relationship  and  its  golden-yellow  color,  Gautier  named  it 
cruso-creatinin. 

Xantho-creatinin,  CsH10N4O,  is  said  to  be  the  most  abundant  of 
muscle  leucomains.  It  crystallizes  in  sulphur  yellow,  thin  spangles, 
consisting  of  nearly  rectangular  plates  which  resemble  somewhat  those 
of  cholesterin.  It  is  soft  and  talc-like  to  the  touch  ; possesses  a 
slightly  bitter  taste,  and  when  dissolved  in  boiling  alcohol  it  gives 


458 


CHEMISTRY  OF  THE  LEUCOMAINS. 


off  the  odor  of  acetamid,  though  ordinarily  in  the  cold  it  has  a slight 
cadaveric  odor.  When  heated,  the  substance  evolves  an  odor  of 
roast  meat,  carbonizes  in  part,  and  yields  ammonia  and  methylamin. 
The  crystals  are  amphoteric  in  reaction,  are  soluble  in  cold  water, 
and  can  be  recrystallized  from  boiling  99  per  cent,  alcohol. 

It  forms  a hydrochlorid  crystallizing  in  plumose  needles,  and  a 
very  soluble  platinochlorid ; the  aurochlorid  crystallizes  with  diffi- 
culty. Like  creatinin,  it  is  precipitated  by  zinc  chlorid  ; the  yel- 
lowish white  precipitate  dissolves  with  partial  dissociation  on  warm- 
ing, and  on  cooling  separates  as  isolated  or  stellate  groups  of  fine 
needles  which  possess  the  composition  (C5H10N4O)2ZnCl2 . Silver 
nitrate  throws  down,  in  the  cold,  a flocculent  precipitate  which  like- 
wise dissolves  on  heating,  and  recrystallizes  in  needles.  Mercuric 
chlorid  produces  a yellowish  white  precipitate.  It  is  not  precipitated 
by  oxalic  or  nitric  acid,  nor  by  potassium  mercuric  chlorid,  or  iodin 
in  potassium  iodid.  Tannin  produces  in  time  a slight  turbidity, 
while  sodium  phosphomolybdate  gives  a heavy  yellowish  precipitate. 
This  base  is  distinguished  from  the  members  of  the  acid  group  by 
not  giving  a precipitate  with  copper  acetate,  even  on  heating. 

On  gentle  oxidation  with  potassium  permanganate  it  is  converted 
into  a black  substance  insoluble  in  acids  and  alkalis,  and  resembling 
azulmic  acid.  By  treatment  with  recently  precipitated  mercuric 
oxid  it  yields  a substance  which  can  be  recrystallized  from  boiling 
93  per  cent,  alcohol  in  needles  which  possess  a slight  alkaline  reac- 
tion, and  forms  a slightly  soluble,  crystalline  platinochlorid.  This 
new  substance  is  precipitated  from  alcoholic  solution,  by  the  addi- 
tion of  ether,  as  a mass  of  beautiful,  white  silky  needles  resembling 
caffein.  These  crystals  melt  at  174°  ; caffein  melts  at  178°. 

Xantho-creatinin,  given  in  fairly  large  doses,  is  poisonous,  pro- 
ducing in  animals  depression,  somnolence,  and  extreme  fatigue, 
accompanied  by  frequent  defecation  and  vomiting.  In  its  general 
properties  this  base  resembles  creatin  very  much,  and  it  was  on 
account  of  this  resemblance  and  its  yellow  color  that  it  was  named 
xantho-creatinin.  This  relation  becomes  especially  evident  since 
the  base  appears  in  the  physiologically  active  muscle  at  the  same 
time  with  creatinin,  sometimes  in  about  one-tenth  of  the  quantity  of 
the  latter.  Monari  found  this  base  in  the  aqueous  extract  of  the 
muscles  of  an  exhausted  dog,  and  also  in  the  urine  of  soldiers  tired 
by  several  hours’  march.  He  also  claimed  to  have  demonstrated  its 
presence  in  the  urine  of  a dog  after  previous  injection  of  creatinin. 
Stadthagen  was  not  able  to  isolate  this  base  from  his  urine  after  pro- 
longed muscular  exercise,  and  arrived  at  the  conclusion  that  it  does 
not  occur  in  urine,  and  that  Monari’s  base  was  an  impure  crea- 
tinin. Colasanti,  in  1884,  and  again  in  1891,  isolated  from  lion’s 
urine  by  Neubauer’s  zinc  chlorid  method  for  creatinin  the  latter 
compound  and  a yellow  body  which  crystallized  as  canary-yellow, 
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small,  opaque  scales,  or  as  small,  orange  yellow,  granular  masses 
composed  of  needle-shaped  crystals.  This  he  considered  to  be  xantho- 
creatinin,  derived  from  the  large  excess  of  creatinin  in  the  food. 

Amphi-creatin,  C9H19N704,  is  slightly  soluble  and  crystallizes 
from  boiling  water  into  yellowish  white  oblique  prisms,  which 
possess,  if  any,  a slightly  bitter  taste.  When  heated  to  100°  it 
decrepitates  somewhat,  and  at  110°  it  becomes  opaque  white. 
Potassium  hydrate  does  not  decompose  it  in  the  cold.  Although 
a weak  base,  it  combines  to  form  salts  just  as  the  preceding  mem- 
bers of  this  group.  The  hydrochlorid  is  crystalline,  and  is  not 
deliquescent;  the  platiuochlorid  forms  rhombic  plates,  which  are 
soluble  in  water,  but  are  insoluble  in  absolute  alcohol ; the  auro- 
chlorid  crystallizes  in  easily  soluble,  very  small,  microscopic  crystals, 
which  are  tetrahedral  to  hexahedral  in  their  habit.  It  is  not  pre- 
cipitated by  copper  acetate  or  by  mercuric  chlorid ; nor  does  it  give 
the  murexid  test,  or  the  xanthin  reaction.  Sodium  phosphomolyb- 
date  produces  a yellow,  pulverulent  precipitate.  In  its  properties  it 
resembles  creatin,  and  indeed  Gautier  thinks  it  may  be  possibly  a 
combination  of  creatin,  C4H9N302,  and  a base,  C5H10N4O,,  which,  it 
will  be  seen,  differs  from  the  former  only  by  a HCN  group.  This 
second  compound,  if  it  really  exists,  has  an  analogy  in  cruso-creatinin, 
the  relation  of  which  to  creatinin  may  be  expressed  by  the  equation : 

C5H8N40  = C4H7N30  + HCN. 

Crubo-cukatinin.  Creatinin. 

In  a similar  manner,  amphi-creatin  may  be  regarded  as 
C9H19N704  = 2C4II9N302  + HCN. 

Amphi-crkatin.  Creatin. 

A Base,  CnII24N10O5,  was  isolated  by  Gautier  from  the  mother 
liquors  of  xantho-creatinin.  It  crystallizes  in  colorless  or  yellowish, 
thin,  apparently  rectangular  plates,  which  are  tasteless  and  possess 
an  amphoteric  reaction.  The  hydrochlorid  forms  bundles  of  fine 
needles  ; the  sulphate  yields  a confused  mass  of  needles  ; the  platino- 
chlorid  is  soluble,  non-deliquescent  and  crystalline.  When  heated 
with  water  in  a sealed  tube  at  180°—  200°  it  gives  off  ammonia  and 
carbonic  acid,  and  is  converted  into  a new  base,  which,  however,  has 
not  been  studied.  This  reaction  may  be  expressed  by  the  equation  : 

C„H24N10O6  - 2C6H10N4O2  + CO(NH2)2. 

Urea. 

The  urea  which  at  first  forms  is,  in  turn,  decomposed  thus  : 
CO(NH2)2  + H,0  = C02  + 2NHj. 
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It  is  to  be  observed  that  this  base  differs  in  composition  from  the 
following  one  by  HCN,  the  hydrocyanic  acid  molecule. 

A Base,  C12H25Nn05,  was  obtained  from  the  mother  liquors  of 
cruso-creatinin,  and  forms  rectangular  silky  plates,  resembling  those 
of  the  preceding  base  and  of  xantho-creatinin.  It  forms  crystaliiz- 
able  salts. 

These  complex  bases,  as  already  pointed  out,  require  further  study 
in  order  to  elucidate  their  chemical  nature.  The  equations  given 
above,  while  they  harmonize  with  Gautier’s  view  as  to  the  role  of 
HCN  cannot  be  looked  upon  as  established  facts.  On  the  contrary 
they  are  suggestive  of  the  impurity  of  the  substances  examined. 

Methyl  hydanto'in,  c4h,N,o,  = 

This  substance  was  obtained  by  Guareschi  and  Mosso  (1883),  by 
extracting  fresh  meat  with  1-1.5  volumes  of  water  (without  addition 
of  acid),  for  two  hours  at  50°  - 60°.  The  aqueous  extract  was  evap- 
orated on  a water-bath  and  the  residue  was  extracted  with  95  per 
cent,  alcohol.  This  alcoholic  solution,  after  the  alcohol  was  driven 
off,  was  first  taken  up  in  water,  filtered,  and  the  aqueous  solution 
was  extracted  with  ether,  then  rendered  alkaline  with  ammonia, 
and  again  extracted  with  ether.  The  alkaline  ether  extract  gave  on 
evaporation  a white  crystalline  residue  of  methyl  hydantoi'n.  The 
amount  of  this  substance  present  in  flesh  appears  to  be  quite  vari- 
able, since,  at  times,  none  whatever  can  be  extracted.  Albertoni 
isolated  it  from  a dog’s  flesh.  Previous  to  its  discovery  in  flesh  by 
Guareschi  and  Mosso,  it  was  known  for  a long  time  as  a decompo- 
sition product  of  various  nitrogenous  bases  of  the  body.  Thus, 
Neubauer  prepared  it  by  heating  creatinin  with  barium  hydrate, 
while  Huppert  obtained  it  by  fusing  together  sarcosin  with  urea.  As 
it  occurs  in  muscle,  it  is  probably  derived  from  the  creatin,  though 
under  what  conditions  this  splitting  up  takes  place  is  not  definitely 
known.  It  may  be  due  to  an  enzyme  or  to  nitrous  acid  in  which 
case  the  change  would  correspond  to  the  conversion  of  guanin  into 
xanthin.  Acetic  and  lactic  acids  are  incapable  of  effecting  this  change. 
At  all  events,  it  belongs  to  the  ureids,  and  is  intermediate  between 
creatinin,  sarcosin,  and  urea.  Compare  the  above  formula  with  that 
of  creatinin  and  methyl  guanidin  (p.  284). 

Methyl  hydantoi'n  forms  prisms  which  are  easily  soluble  in  water 
and  alcohol,  and  but  slightly  soluble  in  cold  ether.  It  melts  at 
156°  (Salkowski) ; at  159°— 160°  (Guareschi  and  Mosso).  Its 
aqueous  solution  is  slightly  acid  in  reaction.  On  strong  beating  it 
volatilizes.  When  fused  with  potassium  hydrate  it  gives  off  am- 
monia ; it  reduces  mercuric  nitrate  in  the  cold.  Treated  with 
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mercuric  oxid  it  assumes  an  alkaline  reaction,  and  the  filtrate  on 
heating  yields  metallic  mercury.  With  silver  oxid  it  forms  pearly 
lanceolate  plates  having  the  composition  C4H5NaO,.Ag.  It  does 
not  give  the  alkaloidal  reactions. 

UNDETERMINED  LEUCOMAINS. 

Leucomains  of  Expired  Air. 

It  was  shown  at  quite  an  early  period  that  exhalations  from  ani- 
mals contain,  besides  an  increased  amount  of  carbonic  acid,  some 
organic  matter,  the  nature  of  which,  on  account  of  the  exceedingly 
minute  quantity  in  which  it  occurs,  has  never  been  satisfactorily 
determined.  Iiansome,  in  1870,  estimated  the  organic  matter  in 
expired  air  by  permanganate  of  potash  to  be  about  0.2  g.  per  day. 
Later  Uffelmanu  showed  that  the  amount  of  the  organic  matter  in 
occupied  closed  rooms  increased  in  almost  the  same  ratio  as  carbonic 
acid.  Herrmanns,  however,  denied  the  existence  of  organic  sub- 
stances in  the  expired  air.  Nevertheless,  various  observers  did  not 
hesitate  to  ascribe  to  it  the  ill  effects  consequent  upon  breathing  im- 
pure air,  while  at  the  same  time  the  carbonic  acid  formed  during 
respiration  was  considered  as  either  entirely  inert  or  as  insignificant 
in  its  action.  Thus,  respired  air  from  which  moisture  and  carbonic 
acid  have  been  removed,  but  which  still  contains  the  organic  vapors, 
was  found  by  some  to  be  highly  poisonous.  On  the  other  hand,  if  the 
respired  air  is  drawn  through  a red-hot  tube,  to  destroy  the  organic 
matter,  the  air  thus  purified  is  capable  of  sustaining  life  even  in 
presence  of  a large  percentage  of  carbonic  acid.  While  it  cannot 
be,  therefore,  doubted  that  the  organic  matter  of  expired  air  plays  a 
most  important  part  in  producing  the  well  known  noxious  effects 
resulting  from  breathing  confined  and  vitiated  air,  nevertheless  it 
would  seem  from  experiments  made  by  Angus  Smith  that  the  increase 
of  even  such  small  quantities  of  carbonic  acid  in  the  air  as  from  0.04, 
the  normal  amount  present,  to  0.1  per  cent.,  is  capable  of  producing 
systemic  disturbances  characterized  by  a decrease  in  the  pulse  rate 
and  an  increase  in  the  rate  of  respiration. 

Smith  was  consequently  of  the  opinion  that  the  constant  lowering 
of  the  pulse  in  impure  air,  occasioned  by  the  presence  of  carbonic 
acid,  must  have  a depressing  effect  on  the  vitality.  Whatever  ill 
effects  the  carbonic  acid  may  produce  of  itself,  it  remained  quite  cer- 
tain that  this  gas  was  not  the  most  potent  and  most  injurious  con- 
stituent of  respired  air ; and  the  investigations  of  Hammond,  Nowak, 
Seegen,  and  others  pointed  to  the  organic  matter  as  the  direct  and 
immediate  agent  which  produces  those  symptoms  of  sickness  and 
nausea  experienced  in  badly  ventilated  closed  rooms. 

Of  special  importance  to  the  sanitarian  and  physician  is  the  work 
on  the  nature  and  action  of  the  poisonous  principle  of  expired  air 
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which  was  done  bv  Brown-S6quard,  d’Arsonval,  and  R.  Wurtz. 
The  first  two  observers  found  that  the  vapors  exhaled  by  dogs,  when 
condensed,  and  the  aqueous  liquid  (20-44  c.c.)  thus  obtained  was 
injected  into  other  animals,  death  was  produced,  generally  within 
twenty-four  hours.  The  symptoms  observed  were  dilatation  of  the 
pupil,  increase  of  heart-beat  to  240-280  per  minute,  which  may  last 
for  several  days  or  even  weeks,  while  the  temperature  remains 
normal ; the  respiratory  movements  were  generally  slowed,  and 
usually  paralysis  of  the  posterior  members  was  observed.  Choleraic 
diarrhoea  was  invariably  present.  As  a rule,  larger  doses  caused 
labored  respiration,  violent  retching,  and  contraction  of  the  pupil. 
A rapid  lowering  of  temperature,  0.5°  to  5°,  was  sometimes 
observed.  These  same  symptoms,  apparently  in  aggravated  form, 
were  obtained  when  the  liquid  had  been  previously  boiled  for  the 
purpose  of  destroying  any  germs  that  might  be  present.  The  appear- 
ances presented  on  post-mortem  were  much  like  those  observable  in 
cardiac  syncope. 

The  above  work  was  confirmed  in  part  by  R.  Wurtz,  who,  by 
passing  expired  air  through  a solution  of  oxalic  acid,  obtained, 
besides  ammonia,  a volatile  organic  base  which  was  precipitated  by 
Bouchardat’s  reagent  and  by  potassio-mercuric  iodid.  It  is  said  to 
form  a platinum  double  salt  crystallizing  in  short  needles,  and  a 
soluble  gold  salt.  When  heated  to  100°  it  gives  off  a peculiar  odor. 
This  basic  substance  may  properly  be  looked  upon  as  a leucomain. 
The  possibility  of  its  being  an  ammonium  compound  is  not  excluded. 

Dastre  and  Loye,  Lehmann  and  Jessen,  Geyer,  and  Merkel  have 
repeated  the  above  experiments  with  wholly  negative  results. 
Similar  negative  results  were  obtained  by  Hoffmann- Wellenhof  and 
by  Russo-Giliberti  and  Alesi,  who  injected  the  condensed  moisture 
from  expired  air  without  effect.  Ben,  in  1893,  studied  the  subject 
of  the  toxicity  of  expired  air.  From  about  3000  liters  of  his  expired 
air  (eight  hours)  he  obtained  about  100  c.c.  of  condensed  water  hav- 
ing a peculiar,  not  unpleasant  odor.  It  gave  a distinct  reaction  for 
ammonia  with  Nessler’s  reagent,  but  contained  no  alkaloids.  The 
organic  substance  amounted  to  5 mg.,  or  for  twenty-four  hours  to 
15  mg.  By  repeating  Wurtz’s  experiment  with  500  and  700  liters 
of  expired  air  no  alkaloidal  reactions  were  obtained  nor  were  any 
effects  produced  in  animals.  From  these  and  other  experiments,  he 
concluded  that  the  organic  matter  of  expired  air  cannot  induce  acute 
intoxication.  The  dyspnoea  observed  in  confined  spaces  is  due  to 
the  lack  of  oxygen.  Carbonic  acid  may  give  rise  to  dullness  and 
headache,  but  the  amount  may  rise  considerably  and  be  harmless  so 
long  as  oxygen  is  not  decreased  too  much. 

Billings,  Mitchell  and  Bergey  on  examining  the  water  of  conden- 
sation from  expired  air  obtained  traces  of  ammonia  but  no  reactions 
for  alkaloids.  The  fatal  results  met  with  in  Brown-S6quard’s  ex- 
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periments  they  ascribe  to  lack  of  oxygen  and  to  increase  of  carbonic 
acid.  On  the  other  hand  Formanek  explains  the  presence  of 
ammonia  as  due  to  external  decompositions  and  the  fatal  results  as 
due  to  the  combined  effects  of  ammonia  and  carbonic  acid. 

The  most  recent  contribution  on  this  subject  is  that  of  Sanarelli 
and  Biffi.1  These  investigators  demonstrate  that  many  intestinal 
products  may  be  absorbed  and  subsequently  be  eliminated  by  the 
lungs.  When  rectal  injections  of  ammonia,  hydrogen  sulphid, 
butyric  acid,  aceton,  and  carbonic  acid  were  made  these  substances 
could  be  detected  in  the  exhaled  air. 

Sewer  air,  according  to  observations  made  by  Odling,  contains  a 
basic  substance  which  is  probably  a compound  ammonia.  It  contains, 
however,  more  carbon  than  methylamin  and  less  than  ethylamin. 

It  should  be  remarked  that  Jackson  (1887)  announced  the  pres- 
ence in  expired  air  of  quantities  of  carbon  monoxid  gas  sufficient  to 
produce  the  ill  effects  ordinarily  attributed  to  the  organic  matter. 
The  presence  of  this  poisonous  gas  must  first  be  fully  demonstrated 
before  it  can  be  taken  into  account  in  the  consideration  of  the  tox- 
icity of  air ; certainly,  even  if  present,  it  cannot  explain  the  results 
obtained  by  the  French  investigators  as  stated  above. 

According  to  Ilosva,  expired  air  contains  nitrous  acid.  This  may 
possibly  be  derived  from  that  which  is  constantly  being  formed  in 
the  mouth,  either  by  the  reduction  of  nitrates  (Miller)  or  by  surface 
action. 

Leucomams  of  the  Urine. 

A number  of  basic  substances  have  been  isolated  at  different  times 
from  the  urine,  and  on  that  account  they  may  be  properly  classed  as 
leucomai'ns.  Thus,  Liebreich  (1869)  found  in  the  urine  a base  which 
apparently  was  an  oxidation  product  of  cholin,  and  which  has  since 
been  regarded  as  identical  with  betain.  In  1866  Dupr6  and  Bence 
Jones  found,  among  other  things  in  the  urine,  an  alkaloidal  body 
which  in  sulphuric  acid  solution  possessed  a blue  fluorescence  (see 
p.  41).  Most  of  the  members  of  the  purin  group  have  been  de- 
tected in  the  urine  and  on  account  of  their  well  defined  nature  they 
are  described  by  themselves.  It  is  desirable  perhaps  in  this  connec- 
tion to  emphasize  the  fact  already  brought  out  (p.  405)  that  the 
greater  part  of  the  purin  bases  found  in  the  urine  are  derived  from 
the  preformed  bases  in  the  food.  Rach ford’s  view  that  migraine  is 
due  to  intoxication  with  paraxanthin  and  allied  bodies  has  been 
referred  to  on  page  403. 

In  1879,  Thudichum  announced  the  presence  in  the  urine  of  four 
new  alkaloids,  one  of  which,  urotheobromin,  was  subsequently  redis- 
covered by  Salomon  andnaraed  paraxanthin.  Another  base  which  was 
obtained,  uamely,  reducin,  yielded  a barium  salt  which  readilv  re- 

1 Annali  <V Igiene  sper .,  12,  90,  1902. 
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duced  the  salts  of  silver  and  mercury.  Its  formula  probably  corres- 
ponded to  C12HmN609  or  C6HuN304.  A third  alkaloid,  parareducin, 
formed  a zinc  compound  having  the  composition  C6II9N3O.ZnO. 
A fourth  base  is  said  to  give  a compound  with  platinum  chlorid  and 
to  contain  an  aromatic  nucleus  (aromin).  Besides  these  four  bases 
Thudichum  described  two  other  substances  which  he  considered  to 
be  basic.  These  were  urochrome,  the  normal  pigment  of  the  urine, 
and  creatinin. 

In  1880,  Pouchet  announced  the  presence  of  carnin,  C7HsN4Or 
Kruger  and  Salomon  did  not  meet  with  carnin  in  their  exhaustive 
study  of  the  purin  bases  in  urine  and,  moreover,  they  question  the 
correctness  of  Pouchet’s  finding.  The  latter  also  reported  another 
base  which  he  subsequently  analyzed  and  found  to  have  either  the 
composition  C7H12N402  or  C7H14N402.  This  substance  formed  de- 
liquescent fusiform  crystals,  sometimes  grouped  in  bundles  or 
irregular  spheres.  It  possessed  a slight  alkaline  reaction  and 
combined  with  acids  to  form  crystallizable  salts.  It  was  soluble  in 
dilute  alcohol,  almost  insoluble  in  strong  alcohol,  insoluble  in  ether. 
The  hydrochlorid  yielded  double  salts  with  gold  chlorid,  platinum 
chlorid,  and  mercuric  chlorid.  The  platinochlorid  formed  deliques- 
cent golden-yellow  rhombic  prisms.  This  base  occurred  in  the 
dialysate  (see  page  320).  From  the  non-dialyzable  portion,  Pouchet 
obtained  another  base  corresponding  to  the  formula  C3H4N02,  which 
he  called  the  “ extractive  matter  of  urine.”  It  gave  precipitates 
with  the  general  alkaloidal  reagents,  was  non-crystallizable,  altered 
on  exposure  to  air  and  was  resinified  by  hydrochloric  acid.  On 
the  addition  of  platinum  chlorid  it  rapidly  oxidized,  but  did  not 
yield  a platinochlorid.  The  bases  were  poisonous  to  frogs  ; produced 
paralysis,  loss  of  reflexes,  and  stoppage  of  the  heart  in  systole.  The 
same  author  regarded  the  urine  as  containing  very  small  quantities 
of  some  pyridin  bases,  analogous  to  or  identical  with  those  obtained 
by  Gautier  and  Etard  from  decomposing  fish. 

Baumstark  isolated  a compound  from  the  urine  having  the  compo- 
sition C3HgN20.  In  forty  liters  of  urine  it  could  just  be  detected  ; 
was  more  abundant  in  one  case  of  icterus.  It  was  not  present  in 
dog’s  urine,  except  after  feeding  benzoic  acid.  It  crystallized 
from  water  in  white  prisms  resembling  hippuric  acid.  The  crystals 
decrepitate  on  heating ; are  unchanged  at  250°,  but  at  higher  temper- 
ature give  off  dense,  white  vapors  having  a peculiar  odor  ; melt  and 
take  fire.  The  odor  is  that  of  burned  horn.  It  is  rather  easily 
soluble  in  hot  water,  difficultly  in  cold  water  and  in  alcohol ; not  in 
absolute  alcohol  or  ether.  The  solutions  are  neutral.  It  forms 
easily  soluble  salts.  The  hydrochlorid,  C3HgN2O.HCl,  crystallizes 
difficultly  in  dendritic  masses;  is  deliquescent  and  soluble  in  alcohol. 
It  does  not  combine  with  bases,  and  is  precipitated  by  mercuric  nitrate, 
thus  resembling  allantoin  and  urea.  When  heated  in  a glass  tube 
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or  with  soda-lime,  it  gives  off  a combustible  gas  having  the  odor  of 
ethylamin.  On  boiling  with  baryta  or  ammonia,  ethylamin  and  bar- 
ium carbonate  result.  With  nitrous  acid  it  gives  sarcolactic  acid. 
A somewhat  similar  substance  was  isolated  by  Meissner  from  the 
urine  of  the  dog. 

The  distinguished  Italian  toxicologist  Selmi  was,  perhaps,  the  first 
to  draw  attention  to  the  probable  formation  of  basic  substances  in 
the  living  body  during  those  pathological  changes  brought  on  by 
the  presence  of  pathogenic  germs.  In  a memoir  presented  to  the 
Academy  of  Sciences  of  Bologna,  in  December,  1880,  he  announced 
that  infectious  diseases,  or  those  in  which  there  occurs  an  internal 
disarrangement  of  some  element,  either  plasmic  or  histological,  must 
be  accompanied  or  followed  by  an  elimination  of  more  or  less  char- 
acteristic products  which  would  be  a sign  of  the  pathological  condi- 
tion of  the  patient.  To  support  this  theory  he  examined  a number 
of  pathological  urines,  and  succeeded  in  obtaining  from  them  basic 
substances,  some  of  which  were  poisonous,  others  not.  Thus,  a 
specimen  of  urine  from  a patient  with  progressive  paralysis  gave  two 
bases  strongly  resembling  nicotin  and  coniin  ; from  other  patholog- 
ical urines  the  bases  obtained  usually  had  either  an  ammoniacal  or 
trimethylamin  odor.  It  is  well  to  note  that  in  normal  urine  am- 
monia and  trimethylamin  are  present,  while  organic  bases,  as  pepto- 
toxin,  are  absent  (Stadhagen).  Selmi  proposed  to  designate  the  basic 
substances  found  in  disease  as  pathoamins.  The  term  urotoxin  is 
likewise  sometimes  employed  to  designate  the  urine  poison.  A 
strong  confirmation  of  Selmi’s  theory  is  seen  in  the  observations 
made  by  Bouchard,  Villi6rs,  Lepine,  Gautier,  and  others,  all  of  whom 
apparently  have  found  basic  substances  in  the  urine  of  various  dis- 
eases. 

Thus,  Bouchard  asserted  the  presence  in  normal  urine  of  two  bases, 
one  soluble  in  ether,  the  other  insoluble  in  ether,  but  soluble  in 
chloroform.  By  the  extraction  of  urine  from  typhoid  fever,  pneu- 
monia, pleuritis,  and  icterus  with  ether  he  obtained  substances  that 
gave  alkaloidal  reactions.  L6pine  and  Gu6rin  likewise  extracted 
alkaline  urine  with  ether  and  obtained  a poisonous  substance.  The 
extracts  from  pathological  urines  were  more  poisonous  than  those 
from  normal  urine,  and  the  typhoid  extract  reacted  differently  from 
that  of  pneumonia.  Villi6rs  found  the  basic  substances,  as  a rule, 
in  pneumonia,  tuberculosis,  abscesses,  but  absent  in  tetanus.  In  all 
these  cases  only  extracts  were  employed,  the  substance  not  being 
isolated  in  a degree  of  purity  and  in  amount  sufficient  for  analysis. 
It  is  comparatively  easy  (from  the  result  of  the  application  of  the 
so-called  alkaloidal  tests)  to  report  upon  the  presence  of  alkaloids  in 
so  complex  a fluid  as  the  urine.  It  is  vastly  more  difficult,  however, 
to  isolate  such  bodies  in  a chemically  pure  condition,  thus  satisfying 
the  requirements  of  exact  research. 
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The  criticisms  on  these  older  examinations  apply  with  equal  force 
to  many  of  the  more  recent  investigations  of  the  urine  in  disease. 
Thus,  Chiaruttini  applied  Spica’s  method  for  the  extraction  of  pto- 
mai'ns  to  the  urine  of  various  nervous  diseases  with  convulsions.  In 
twelve  cases  alkaloids  were  obtained  which  produced  similar  toxic 
effects  in  animals.  Arslan  from  the  urine  of  two  children  with  anky- 
lostomiasis separated  a toxin  that  induced  anaemia  in  rabbits.  Boinet 
and  Silberet  isolated  three  bases  from  the  urine  of  Basedow’s  disease 
that  in  animals  produced  effects  similar  to  those  observed  in  the 
disease.  Marino-Zuco  believed  that  the  poisonous  action  of  extract 
of  the  adrenals,  as  observed  by  Foa  and  Pellacani,  was  due  to  cholin 
(neurin  of  Marino-Zuco).  With  Dutto,  he  found  in  the  urine  of 
Addison’s  disease  a base  which  behaved  with  reagents  like  cholin. 
They  therefore  considered  the  disease  as  a slow  auto-intoxication  with 
this  base.  It  may  be  mentioned  in  this  connection  that  eclampsia  is 
considered  by  Favre  as  a ptomaimemia,  whereas  Bouchard  regards  it 
as  due  to  the  non-elimination  of  the  normal  poisons  of  the  urine. 
There  is  more  reason,  however,  in  considering  it  as  due  to  perverted 
cell  metabolism,  just  as  the  varnishing  of  a part  or  the  whole  of  the 
skin  results,  as  Kijanitzin  has  pointed  out,  in  the  alteration  of  the 
chemical  products  of  the  underlying  cells.  The  same  author  showed 
that  in  extensive  skin-burns  the  urine,  as  well  as  the  blood  and 
organs,  contains  a basic  poisonous  substance,  presumably  peptotoxin 
(see  page  328). 

While  there  may  be  doubt  as  to  the  formation  of  a basic  poison  in 
profound  skin-burns,  there  can  be  no  doubt  from  the  pathological 
changes  as  observed  by  Bardeen  and  by  McCrae  1 that  toxins,  not 
unlike  those  of  bacterial  origin,  are  produced.  The  destruction  of 
hemoglobin  mav  lead  to  the  production  of  histon  which  as  already 
pointed  out  possesses  marked  poisonous  properties. 

In  1889  Luff  examined  the  urine  of  infectious  diseases  for  basic 
products  by  the  following  method  : A large  quantity  of  the  urine 
was  rendered  alkaline  with  sodium  carbonate,  and  agitated  with  one- 
half  its  volume  of  ether.  After  standing  for  some  time  the  ether 
was  removed,  filtered,  and  then  agitated  with  a solution  of  tartaric 
acid,  to  remove  the  alkaloids  as  soluble  tartrates.  The  aqueous  acid 
solution  was  then  rendered  alkaline  with  sodium  carbonate,  and  agi- 
tated with  one-half  its  volume  of  ether.  The  ether  was  removed, 
allowed  to  evaporate  spontaneously,  and  the  residue,  after  drying 
over  sulphuric  acid,  was  examined  for  alkaloids. 

The  urine  of  typhoid  fever,  collected  during  a high  fever  for  four 
days,  gave  a small  quantity  of  a white  crystalline  substance.  When 
dissolved  in  hydrochloric  acid  it  gave  reactions  with  phosphomolyb- 
dic  acid,  potassium  mercuric  iodid,  iodin  solution,  tannic  and  picric 
acids,  and  gold  chlorid  ; failed  to  react  with  phosphotungstic  acid 

1 Trans.  Assoc.  Am.  Phys.,  16,  153. 
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and  platinum  chlorid.  The  examination  of  a second  case  was 
negative. 

Scarlet  fever  urine  collected  during  the  height  of  the  fever  (four 
gallons)  gave  a small  amount  of  a white  semi-crystalline  alkaloid. 
The  solution  in  water  was  faintly  alkaline.  The  hydrochloric  acid 
solution  did  not  react  with  tannic  acid  or  platinum  chlorid,  but  gave 
precipitates  with  the  other  reagents  mentioned  above.  The  amount 
of  substance  was  insufficient  to  allow  of  analysis.  In  normal  urines 
no  such  residues  were  found. 

A most  prolific  supply  of  alkaloids  from  the  urine  of  infectious 
diseases  has  been  furnished  by  Griffiths.  The  method  employed  was 
identical  with  that  described  by  Luff.  A list  of  these  bases,  together 
with  others,  is  given  on  page  261. 

Hunter,  in  1890,  examined  the  urine  of  pernicious  ansemia  by  the 
benzoyl  chlorid  method,  and  obtained  a very  small  quantity  of  a 
benzoyl  compound,  which  was  extremely  soluble  in  alcohol,  insoluble 
in  water.  It  crystallized  from  alcohol  in  long,  fine  needles,  grouped 
in  rosettes.  The  melting  point  was  at  174°-175°.  The  crystalline 
form  and  the  melting  point  agreed  with  putrescin.  This  compound 
was  usually  alone,  but  sometimes  was  accompanied  by  another,  form- 
ing elongated,  rectangular  prisms.  The  crystalline  form  resembled 
that  of  the  cadaverin  compound.  One  specimen  of  urine  furnished  a 
dibenzoyl  compound,  crystallizing  in  long,  rectangular  prisms  having 
a melting  point  between  70°  and  80°.  Binet  isolated  a thermogenic 
substance  from  the  urine  of  tuberculosis,  and  to  a less  extent  from 
normal  urine. 

Certain  basic  substances,  as  the  diamins,  cadaverin,  and  putrescin, 
have  been  isolated  in  a perfectly  pure  condition.  These  two  basic 
substances  (see  page  265)  were  observed  by  Baumann  and  Udr&nzsky 
in  a case  of  cystinuria.  Later,  Brieger  and  Stadthagen  demon- 
strated the  presence  of  these  same  bases  in  two  or  more  cases  of 
that  disease.  They  are  absent  in  normal  urine  and  feces,  and  ex- 
ceedingly rare  in  other  diseases.  Thus,  Roos  found  diamins  (putre- 
scin) in  only  one  case  of  cholera,  aud  then  in  the  feces,  not  in  the 
urine  ; more  frequently  in  diarrhoea  or  cholerine ; also  in  one  case  of 
dysentery  and  malaria.  As  stated  above,  Hunter  apparently  suc- 
ceeded in  isolating  putrescin  from  the  urine  of  pernicious  anaemia. 

Cystin  and  the  diamins  are  now  known  to  be  proteid  cleavage 
products  and  their  presence  in  the  urine  is  more  easily  understood. 
The  hexon  bases  have  not  been  detected  in  urines  but  as  yet  no 
special  studies  have  been  made  in  that  direction.  The  presence  of 
ornithin  in  birds,  as  an  intermediate  waste  product,  was  recognized 
by  the  appearance  of  ornithuric  acid  in  the  urine. 

Poehl  has  proposed  the  following  method  for  the  estimation  of  the 
leucomains  in  the  urine.  To  100  c.c.  of  the  urine,  25  c.c.  of  hydro- 
chloric acid  (sp.  g.  1.134)  and  10  c.c.  of  a 10  per  cent,  solution  of 
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phosphotungstic  acid  are  added.  Albumin  and  pepton  must  first  be 
removed  if  present.  The  precipitate  is  allowed  to  subside  in  a 
graduated  tube,  and  the  number  of  cubic  centimeters  occupied  by  the 
precipitate  divided  by  8 is  to  represent  the  approximate  weight  of 
leucomai'ns  per  liter  of  urine.  The  amount  thus  found  in  the  two 
cases  was  0.6  and  1.69.  Cavallero  and  Olivetti  have,  with  justice, 
severely  attacked  this  method,  and  have  shown  its  utter  unreli- 
ableness. 

It  is  now  a well  established  fact  that  the  urine  of  certain  infectious 
diseases,  as  cholera  (Bouchard)  and  septicaemia  (Feltz),  etc.,  is  far 
more  poisonous  than  normal  urine.  That  the  poisons,  basic  or  other- 
wise, which  are  generated  within  the  body  by  the  activity  of  bacteria 
can  be  excreted  in  the  urine  is  seen  in  the  fact  that  immunity  to  the 
action  of  bacillus  pyocyaneus  has  been  conferred  on  animals  by  pre- 
vious injection  of  urine  taken  from  animals  inoculated  with  that 
bacillus  (Bouchard)  or  with  filtered  cultures  of  the  same  (Charrin 
and  Ruffer). 

Furthermore  the  excretion  of  the  tetanus  and  diphtheria  poisons 
by  the  urine  has  been  shown  to  take  place.  Thus,  Brunner  demon- 
strated the  tetanus  poison  in  the  urine  of  experimental  animals,  but 
failed  with  the  urine  of  the  disease  in  man.  Bruschettini,  however, 
with  the  urine  of  a tetanus  patient,  produced  tetanic  symptoms  in 
mice  by  the  injection  of  3-10  c.c.  subcutaneously.  In  the  urine 
from  diphtheria  patients  Roux  and  Yersin  demonstrated  the  presence 
of  the  diphtheritic  poison  by  inducing  paralysis  in  animals.  Al- 
though basic  substances  are  not  present  in  the  urine  of  cholera,  they 
are  present,  but  less  frequently  than  was  expected,  in  the  discharges 
(putrescin  in  only  one  of  four  cases,  Roos).  From  cholera-feces 
Pouchet  extracted  an  oily  fluid  very  poisonous  to  frogs  ; whereas, 
Yilli6rs  obtained  a base  which  produced  convulsions  in  guinea-pigs. 
Kulneff  pointed  out  the  presence  of  ethylenediamin  (?)  in  the 
stomach-fluids  of  gastrectasia,  while  from  the  feces  of  a case  of  gas- 
troptosis  he  isolated  trimethylamin. 

In  the  consideration  of  the  toxins  in  the  urine  of  infectious  dis- 
eases it  must  not  be  forgotten,  as  pointed  out  by  Jawein,  that  the 
poison  as  well  as  the  specific  germ  may  be  present  in  the  urine. 
Thus,  in  rabbits  that  died  as  a result  of  infection  either  with  anthrax 
bacilli,  erysipelas  streptococci,  typhoid  bacilli,  or  with  pneumonia 
diplococci,  the  urine  was  found  to  contain  these  organisms.  It, 
therefore,  becomes  difficult  to  decide  as  to  whether  the  toxin  is  elab- 
orated within  the  body  or  formed  subsequently  to  the  secretion  of 
the  urine. 

The  question  of  the  toxicity  of  normal  urine  has  been  the  subject 
of  considerable  controversy.  The  early  explanations  of  the  cause  of 
uraemia  assumed  that  urine  was  poisonous,  and  that  uraemic  symptoms 
were  the  result  of  the  retention  of  urine.  Actual  demonstrations  of 
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the  toxicity  of  urine  were  made  early  in  the  century  by  Vauquelin 
and  others.  On  the  other  hand,  disbelievers  in  the  toxicity  of  urine 
were  not  wanting.  Thus  Frerichs  maintained  that  death,  resulting 
from  intravenous  injections  of  urine,  was  due  to  the  suspended  solid 
elements  of  the  urine  ; that  urea  itself  was  harmless,  but  that  it  could 
by  the  action  of  a ferment  give  rise  to  the  poisonous  ammonium  car- 
bonate. Yoit  was  among  the  first  to  point  out  that  potassium  salts, 
on  account  of  their  toxicity,  could  play  au  important  part  in  uraemia. 
It  can  now  be  positively  stated  that  normal  urine  does  possess  a cer- 
tain degree  of  toxicity.  It  is  more  difficult  to  decide  upon  the  nature 
of  this  poison.  Feltz  and  Ritter  (1881),  and  independently  Asta- 
schewsky,  arrived  at  the  opinion  that  the  toxicity  was  chiefly  due  to 
the  potassium  salts  of  the  urine.  Schiffer,  while  acknowledging  the 
presence  and  action  of  the  inorganic  salts,  maintained  that  the  urine 
contained  a definite  organic  poison,  for  the  reason  that  the  concen- 
trated aqueous  solutions  from  alcoholic  extracts  of  the  urine  residue, 
deprived  of  inorganic  salts,  killed  large  rabbits  in  doses  correspond- 
ing to  1-1  i liters  of  urine. 

According  to  Bouchard,  30-60  c.c.  of  normal  urine,  injected  in- 
travenously, will  kill  a rabbit  weighing  one  kilogram.  Hence  a 
man  weighing  60  kilograms,  and  excreting  per  day  1200  c.c.,  would, 
if  50  c.c.  are  necessary  to  kill  one  kilogram  of  living  matter,  secrete 
enough  poison  to  kill  twenty-four  kilograms  of  animal.  Inasmuch 
as  the  amount  necessary  to  kill  one  kilogram  of  animal  is  designated 
as  one  urotoxy,  therefore,  in  the  above  case  twenty-four  urotoxies 
are  formed  per  day.  The  urotoxic  coefficient  is  the  number  of  uro- 
toxies which  one  kilogram  of  man  forms  in  twenty-four  hours. 
Therefore,  = 0.4,  the  urotoxic  coefficient.  The  average  normal 
urotoxic  coefficient  is  placed  by  Bouchard  at  0.464.  It  follows, 
therefore,  that  an  average  man  would,  if  the  excretion  of  urine  was 
stopped,  be  killed  in  fifty-two  hours.  The  variations  of  the  urotoxic 
coefficient  in  the  normal  individual  is  limited.  In  disease  it  rarely 
exceeds  2,  and  rarely  falls  below  0.10. 

According  to  Bouchard,  five  kinds  of  poisons  may  be  met  with  in 
the  urine,  producing  narcosis,  salivation,  mydriasis,  paralysis,  and 
convulsions.  The  day  urine,  which  is  chiefly  narcotic,  is  2-4  times 
more  toxic  than  the  sleep  urine,  which  induces  convulsions  and  is 
antagonistic  to  the  former.  The  toxicity  is  independent  of  the  den- 
sity, since  night  urine  is  more  dense  than  that  secreted  during  the  day. 

The  greater  part  of  the  toxicity  of  urine  is  ascribed  by  Bouchard  to 
organic  poisons,  especially  coloring-matters,  whereas  potassium  salts 
are  regarded  as  the  cause  of  but  a small  fraction  of  the  toxicity. 

Lupine  likewise  found  that  about  60  c.c.  of  urine  sufficed  to  kill 
one  kg.  of  animal.  The  inorganic  salts,  however,  were  ascribed  by 
him  a much  greater  importance,  inasmuch  as  he  estimated  that  85 
per  cent,  of  the  intoxication  was  due  to  this  cause.  The  remainder 
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of  the  toxicity  was  due  to  organic  matter.  Stadthagen  arrived  at 
practically  the  same  results,  that  80-85  per  cent,  of  the  toxicity  was 
due  to  the  inorganic  constituents.  A part  of  the  toxicity,  15-20  per 
cent.,  is  therefore  due  to  organic  substances.  No  one  organic  sub- 
stance in  the  urine,  as  urea,  creatin,  etc.,  possesses  this  toxicity. 
Stadthagen  has  further  shown  that  alkaloidal  bodies  as  peptotoxin, 
guanidin,  methyl  guanadin,  cholin,  neurin,  xanthocreatinin  are  ab- 
sent from  normal  urine.  100  liters  of  urine  examined  by  Brieger’s 
method  for  bases  gave  only  ammonia,  a little  trimethylamin,  besides 
creatinin.  Dresbach1  (1900),  employing  the  same  method,  obtained 
poisonous  extracts.  Gautier  has  supposed  that  the  urine  poison  was 
a proteid  analogous  to  that  in  the  venom  of  serpents,  but  Stadthagen 
showed  that  proteids  were  absent.  Ferments  like  pepsin  were  also 
excluded  from  consideration  because  of  their  minute  amount.  His 
experiments  were  largely  negative,  so  far  as  the  detection  of  an 
organic  poison  was  concerned.  Stadthagen  disproved  the  existence 
of  a special  urine  poison.  The  poisonous  action  of  normal  urine  is 
therefore  due  to  the  sum  total  action  of  the  inorganic  salts,  chiefly 
potassium,  and  the  normal  organic  constituents  as  urea,  creatinin, 
etc.,  which  by  themselves  possess  but  slight  action. 

Guinard  recently  tested  the  action  of  normal  urine  from  dif- 
ferent animals.  On  an  average,  the  toxicity  per  kg.  rabbit  was  as 
follows:  Hog,  193  c.c. ; man,  132.7  c.c.;  pig,  53  c.c.;  ox,  38.5 
c.c. ; guinea-pig,  35  c.c. ; sheep,  33.8  c.c.  ; goat,  32  c.c. ; ass,  29.4 
c.c. ; horse,  29.2  c.c. ; rabbit,  16  c.c. ; cat,  13  c.c.  The  urine  of  a 
bear  possessed  toxicity  similar  to  that  of  the  dog ; that  of  the  lion 
and  tiger  corresponded  to  that  of  the  cat.  In  the  case  of  the  horse 
the  urine  was  less  toxic  from  weak  animals,  from  young  animals,  and 
from  males  than  from  strong  or  old  animals  or  females.  The  urea 
per  liter  of  urine  varied  from  15  g.  in  the  dog  to  118  g.  in  the  cat. 
While  rabbits  are  killed,  per  kilo,  by  an  injection  of  45  c.c.  of  nor- 
mal urine,  dogs  are  killed  by  an  intravenous  injection  of  100  c.c.  per 
kilo  (Mairet  and  Bose).  If  the  thyroid  gland  is  removed,  the  toxic 
effects  are  increased  (Godart  and  Slosse). 

While  Guinard  failed  to  observe  any  effect  or  toxicity  following 
the  injection  of  the  urine  of  pregnancy,  Chambrelent  and  Demont 
found  that  the  toxicity  was  diminished  in  the  later  months.  The 
average  urotoxic  coefficient  was  0.27.  Mairet  and  Bose  examined 
the  toxicity  of  the  urine  in  nervous  disorders  and  found  it  to  be  in- 
creased, especially  in  lypemania  and  mania.  In  general,  however, 
the  toxic  action  was  the  same  as  that  of  normal  urine,  though  at 
times  it  produced  specific  nervous  symptoms  approximating  those  of 
the  disease. 

Increased  toxicity  of  the  urine  was  observed  by  Surmont  in 
atrophic  cirrhosis,  tuberculosis,  and  carcinoma  of  the  liver.  On  the 
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other  hand,  the  toxicity  was  normal  or  subnormal  in  hypertrophic 
cirrhosis,  in  hepatic  congestion,  and  in  infectious  icterus. 

Roque  and  Lemoine  showed  that  there  are  marked  changes  in  the 
toxicity  of  the  urine  in  malaria  before  and  after  an  attack.  Before 
an  attack  the  urotoxic  coefficient  was  0.13  and  0.274,  whereas  after 
an  attack  it  rose  to  0.684  and  1.276.  It  would  appear,  therefore, 
that  toxic  products  result  from  the  growth  of  the  malarial  plasmodium 
in  the  blood,  and  are  largely  eliminated  by  the  kidneys.  Quinin 
favors  this  excretion  of  poisons. 

It  does  not  follow  from  what  has  been  stated  that  the  urine  in  dis- 
ease is  always  more  poisonous  than  in  health.  There  are  diseases,  as 
urcemia,  where,  as  shown  by  Schiffer  and  Bouchard,  the  urine  is  less 
toxic  than  in  health.  This  may  be  due  to  a retention  of  the  salts  of 
potassium. 

Leucomains  of  the  Saliva. 

According  to  Gautier  (1881),  normal  human  saliva  contains  divers 
toxic  substances  in  small  quantities  which  differ  very  much  in  their 
action  according  to  the  time  of  their  secretion,  and  probably  accord- 
ing to  the  individual  gland  in  which  they  are  secreted.  The  aqueous 
extract  of  saliva  at  100°  is  poisonous  or  narcotic  in  its  action 
toward  birds.  To  show  the  presence  of  basic  substances,  the  aqueous 
extract  was  slightly  acidulated  with  dilute  hydrochloric  acid,  then 
precipitated  by  Mayer’s  reagent;  the  precipitate  was  washed,  then 
decomposed  by  hydrogen  sulphid,  and  the  solution  filtered.  The 
filtrate  on  evaporation  gave  a residue  consisting  of  microscopic 
slender  needles  of  a soluble  hydrochlorid.  This  salt,  purified  by 
extraction  with  absolute  alcohol,  formed  soluble,  crystalline,  but 
easily  decomposable  double  salts  with  platinum  chlorid  and  with 
gold  chlorid.  The  solution  of  the  hydrochlorid  produced  an  im- 
mediate precipitate  of  Prussian  blue  in  a mixture  of  potassium 
ferricyanid  and  ferric  chlorid,  and  when  injected  into  birds  produced 
stupor. 

Leucomains  from  Other  Tissues  of  the  Body. 

Selmi’s  work  upon  the  formation  of  ptomains  during  the  process 
of  putrefaction  led  many  investigators  to  doubt  the  production  of 
these  bases  by  the  decomposition  of  the  proteid  or  other  complex 
molecules.  To  substantiate  this,  a number  of  chemists,  especially 
Italian,  endeavored  to  show  that  Selmi’s  bases,  to  a large  extent  at 
least,  exist  preformed  in  the  various  tissues.  Paternb  and  Spica 
(1882)  succeeded  in  extracting  from  fresh  blood  as  well  as  from  fresh 
albumin  of  eggs  substances  identical,  or  at  least  similar,  to  those 
designated  under  the  name  of  ptomains.  Their  observations,  how- 
ever, were  confined  to  the  detection  of  alkaloidal  reactions  in  the 
various  extracts  obtained  by  Dragendorff’s  method,  and  at  no  time 
were  they  in  possession  of  a definite  chemical  individual.  Marino- 
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Zuco  (1885)  was  more  successful,  inasmuch  as  he  succeeded  in  ob- 
taining from  fresh  tissues  and  organs  relevant  quantities  of  a base 
identical  with  cholin,  and,  in  addition,  he  obtained  extremely  minute 
traces  of  other  alkaloidal  bodies.  One  of  these,  obtained  by  the  Stas 
method  from  the  liver  and  spleen  of  an  ox,  exhibited  in  hydrochloric 
acid  solution  a beautiful  violet  fluorescence  resembling  very  much 
that  of  the  salts  of  quinin.  A similar  base,  probably  identical  with 
this  one,  was  obtained  by  Bence  Jones  and  Dupr6  (1856)  from  liver, 
nerves,  tissues,  and  other  organs,  and  was  named  by  them  “ animal 
chinoidin.”  A greenish-blue  fluorescence  is  frequently  observable 
in  the  alcoholic  extracts  of  decomposing  glue  as  well  as  from  other 
putrefying  substances,  and  is  undoubtedly  due  to  products  formed 
by  some  one  of  the  fluorescing  bacteria.  From  a number  of  very 
thorough  experiments,  he  concluded  that  basic  substances  do  not 
preexist  in  fresh  organs,  but  that  the  acids  employed  in  the  process 
of  extraction  exert  a decomposing  action  upon  the  lecithin  present  in 
the  tissues,  resulting  in  the  formation  of  cholin.  He  further  showed 
that  the  method  of  Dragendorff,  on  account  of  the  larger  quantity  of 
extractives,  which  forms  invariably  gave  a larger  yield  of  this  base 
than  did  the  Stas-Otto  method.  Similar  observations  were  made  by 
Guareschi  and  Mosso,  by  Coppola  and  others.  At  the  present  time 
there  is  no  doubt  that  some  basic  substances,  among  these  cholin  and 
the  hexon  bases,  can  be  formed  by  the  action  of  reagents,  and,  on 
the  other  hand,  it  is  equally  well  demonstrated  that  similar  bases  do 
preexist  in  the  physiological  condition  of  the  tissues  and  fluids  of  the 
body. 

Recently  R.  Wurtz  has  obtained  from  normal  blood  a number  of 
crystalline  products  of  alkaline  reaction,  which  form  well  crystalliz- 
able  double  salts  with  gold,  platinum,  and  mercuric  chlorids.  These, 
however,  have  not  been  as  yet  subjected  to  analysis,  because  of  the 
minute  quantities  which  were  isolated. 

Marino-Zuco  and  Martin  in  1894  showed  the  presence  of  cholin 
in  fresh  blood. 

In  1899  Gulewitsch  carried  out  a most  painstaking  investigation 
on  the  leucoma'fns  in  fresh  brains  with  especial  reference  to  the  de- 
tection of  the  poisonous  neurin.  The  possible  presence  of  the  latter 
has  been  suggested  as  explaining  the  auto-intoxications  met  with  in 
mental  disorders.  By  means  of  Brieger’s  method  he  obtained  cholin 
but  no  neurin.  Moreover,  he  was  unable  to  obtain  the  latter  from 
protagon.  The  aqueous  brain  extract  gave  a very  small  quantity  of 
two  bases,  probably  diamins.  Urea  was  also  obtained. 

In  extensive  skin-burns  Kijanitzin  isolated  a peptotoxin-like  base 
from  the  urine  and  blood,  more  abundantly  from  the  organs.  A 
similar  base  was  shown  by  him  to  be  produced  by  the  action  of  gastric 
juice  on  the  blood  in  the  presence  of  bacteria;  also  in  the  early  stages 
of  the  decomposition  of  blood.  The  explanation  of  the  fatal  results  fol- 
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lowing  the  varnishing  of  a part  or  the  whole  of  the  body  is  given  on  pp. 
329,  466.  A similar  explanation  undoubtedly  holds  true  for  uraemia. 

The  presence  of  specific  toxic  substances  in  the  blood  of  infectious 
diseases  is  well  recognized.  Nissen  has  shown  that  the  blood  in  sup- 
puration was  toxic.  In  the  blood  of  tetanus  in  man  Ivallmeyer  and 
Nissen  demonstrated  the  presence  of  the  tetanic  poison.  Immerwahr 
showed  the  same  to  be  true  with  the  organs  of  experimental  tetanic 
animals,  and  that  the  blood  of  scarlet  fever  during  uraemia  was  toxic. 
Brieger  was  the  first  to  show  the  presence  of  tetanin  in  the  amputated 
arm  of  a patient. 

Morelle  (1886)  showed  the  presence,  in  the  spleen  of  the  ox,  of  a 
base,  the  hydroehlorid  of  which  crystallized  in  deliquescent  needles 
and  likewise  formed  crystalline  platino-  and  aurochlorids.  From  ex- 
periments made  by  Laborde,  the  base  would  seem  to  possess  decided 
toxic  properties,  bringing  on  a dyspnoeic  condition  with  convulsive 
movements  and  loss  of  motion.  The  post-mortem  examinations  re- 
vealed an  extended  visceral  oedematous  infiltration,  and  stoppage  of 
the  heart  in  systole.  For  the  presence  of  the  xanthiu  bases,  cystin, 
gerontin,  etc.,  in  the  organs  of  the  body,  see  preceding  pages. 

Viron  found  a very  poisonous  albuminoid  in  a hydrocele  fluid  from 
a sheep. 

A.  W.  Blyth  claimed  to  have  isolated  from  milk  two  alkaloidal 
substances,  namely,  galactin,  the  lead  salt  of  which  is  said  to  have 
the  formula  Pb20s.CJ4H18N4025 , and  lactochrome,  the  mercury  salt  of 
which  is  represented  by  the  formula  Hg0.C6H18N06. 

The  adrenals  have  been  the  subject  of  repeated  investigations  dur- 
ing the  past  half  a century,  but  really  valuable  results  have  been  ob- 
tained only  within  the  last  three  or  four  years.  At  an  early  date  the 
fact  was  established  that  these  organs  perform  an  extremely  impor- 
tant function  inasmuch  as  their  extirpation  is  promptly  followed  by 
death.  The  rapid  and  severe  effects  observed  have  been  generally 
regarded  as  due  to  an  intoxication  of  the  organism  with  products 
which  normally  were  supposed  to  be  destroyed  in  the  adrenals. 
Thus  Marino-Zuco  obtained  cholin  from  the  adrenals  and  moreover 
with  Dutto  he  obtained  this  base  in  the  urine  of  Addison’s  disease. 
These  investigators  and  also  Carbone  obtained  results  showing  that 
cholin  was  decidedly  more  toxic  to  animals  deprived  of  the  adrenals 
than  to  normal  animals.  Furthermore,  the  blood  of  animals  from 
which  the  adrenals  were  removed  has  been  shown  to  possess  a 
marked  toxic  action.  Only  recently,  Levin  1 has  shown  that  the 
blood  of  such  animals  contains  something  which  acts  on  the  blood 
pressure  and  which  does  not  exist  in  normal  blood. 

The  early  studies  of  Oliver  and  Schafer  and  others  demonstrated 
that  the  adrenals  contain  a substance  which  exerts  a marked  action 
upon  the  blood  pressure,  and  thus  led  to  a careful  study  and  search 
1 Amur.  Jcnim.  Physiology,  5,  358,  1901. 
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for  the  active  principle.  According  to  Muhlmann  this  substance  is 
pyrocatechin.  Fiirth 1 at  first  also  held  that  the  active  principle  was 
a pyrocatechin-like  body,  but  eventually  he  considered  it  to  be  a 
hydro-dioxypyridin  having  the  formula  C6H7NO,  or  C5H9N02 . To 
this  substance  be  applied  the  name  suprarenin.  In  this  country 
most  painstaking  investigations  were  made  by  Abel 2 who  succeeded 
in  isolating  a basic  product  which  he  designated  as  epinephrin. 
The  formula  which  he  deduced,  C17H15N04,  is  not  that  of  the 
free  base  but  rather  that  of  a mono-benzoyl  derivative.  Accord- 
ing to  Takamine3  the  blood  pressure  raising  principle  of  the  gland 
can  be  isolated  in  a pure  crystalline  form.  He  has  designated  this 
product  as  adrenalin  and  to  this  Aldrich4  ascribed  the  formula 
C9H13N03.  Abel  however  has  shown  that  the  analytical  results 
agree  more  closely  with  the  formula  C10HuNO3  which  he  had  pro- 
posed. It  appears  from  Abel’s  recent  work  that  adrenalin  does  not 
exist  as  such  in  the  glands  but  is  rather  a modified  product  of 
epinephrin,  the  active  base. 

It  is  evident  from  this  that  the  nature  of  the  active  constituent  of 
the  suprarenals  is  as  yet  undetermined  and  for  this  reason  it  is  hardly 
necessary  to  enter  into  a detailed  consideration  of  its  properties. 

The  purin  bases  in  adrenals  have  been  studied  by  Oberblom 
(p.  390).  The  perfectly  fresh  glands  yielded  a smaller  quantity 
of  these  bases  than  such  as  were  digested  for  two  days  at  the  body 
temperature  in  the  presence  of  chloroform.  Assuming  that  the  ac- 
tion of  bacteria  was  wholly  eliminated  it  would  seem  that  this  in- 
crease in  bases  was  probably  due  to  the  action  of  an  enzyme.  Xan- 
thin,  1-methyl  xanthin,  hypoxanthin,  epiguanin  and  adenin  were 
detected.  The  presence  of  methyl  xanthin  and  methyl  guanin  is  of 
interest  in  view  of  the  fact  that  these  derivatives  have  been  looked 
upon  as  cleavage  products  derived  from  the  food.  If  Oberblom’s 
results  can  be  confirmed  it  would  indicate  the  existence  of  a purin 
antecedent  as  for  example  a 1.7-dimethyl  guanin  which  in  the  body 
might  give  rise  to  paraxanthin  or  like  the  latter  might  be  demethyl- 
ated,  forming  the  1 -methyl  and  7-methyl  compounds  referred  to 
above. 

Venoms  of  Poisonous  Serpents. 

The  study  of  the  chemistry  of  the  venoms  of  serpents  and  of 
batrachians  is  fraught  with  so  many  difficulties  and  with  so  much 
danger,  that  we  cannot  wonder  at  the  present  unsatisfactory  con- 
dition of  our  knowledge  in  regard  to  the  poisonous  principles  which 
they  contain.  Much  of  the  early  work  was  not  only  inaccurate  and 
very  contradictory,  but  was  far  from  meeting  the  requirements  of 

1 Zeit.  physiol.  Chem.,  24,  142 ; 26,  15  : 29,  105. 

1 Zeit.  physiol.  Chem.,  28,  318;  Johns  Hopkins  Hosp.  Bull.,  1901,  84,  337;  1902,  29. 

3 Joum.  Am.  Med.  Assoc.,  38,  150.  153. 

* Amer.  Joum.  Physiology,  5,457  (1901). 
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exact  toxicological  research.  Recent  investigations,  however,  have 
made  it  certain  that  the  most  active  constituent  of  the  venom  of 
serpents  is  not  alkaloidal  in  its  nature,  as  was  supposed  by  some. 
In  1881  Gautier  announced  the  isolation  of  two  alkaloids  from  the 
venom  of  the  cobra  which  gave  precipitates  with  tannin,  Mayer’s 
reagent,  Nessler’s  reagent,  iodin  in  potassium  iodid,  etc.  They 
formed  crystallizable  platinochlorids  and  aurochlorids,  and  also  crys- 
talline, neutral,  somewhat  deliquescent  hydrochlorids.  The  neutral 
or  slightly  acid  solutions  produced  an  immediate  precipitate  of 
Prussian  blue  in  a mixture  of  potassium  ferricyanid  and  ferric 
chlorid.  The  substances  possessed  a decided  physiological  action, 
but  Gautier  himself  did  not  consider  them  to  be  the  most  dangerous 
constituents  of  the  venom.  This  observation  of  Gautier  as  to  the 
presence  of  distinct  basic  substances  in  venoms  is  at  variance  with 
that  of  Wolcott  Gibbs,  who  was  unable  to  obtain  an  alkaloid  from 
the  rattlesnake  (Crotalus)  venom.  S.  Weir  Mitchell  and  E.  T. 
Reichert  were  likewise  unable  to  substantiate  Gautier’s  statements. 
Subsequently,  Wolfendeu,  in  an  elaborate  paper  on  the  nature  of 
cobra  venom,  confirmed  Wolcott  Gibbs  as  to  the  entire  absence  of 
any  alkaloidal  body. 

Mitchell  and  Reichert  made  a careful  study  of  the  venoms  of 
various  serpents,  such  as  cobra,  rattlesnake,  moccasin,  and  Indian 
viper,  and  succeeded  in  isolating  two  proteid  constituents,  one 
belon  ging  to  the  class  of  globulins  and  the  other  to  the  peptons. 
The  pepton  is  said  to  be  non-precipitable  by  alcohol.  According  to 
them,  the  globulin  constituent  consisted  of  at  least  three  distinct 
globulins.  They  found  that  boiling  coagulated  and  destroyed  the 
globulin  as  a poison,  but  that  the  venom  pepton  was  toxically  un- 
changed, so  that  the  solution,  though  still  poisonous,  failed  to  pro- 
duce the  characteristic  local  lesions  due  to  fresh  or  unboiled  venom. 
On  the  other  hand,  Gautier  asserted  that  the  venom  was  not  sensibly 
altered  on  being  heated  to  120°- 125°  and  that  the  toxic  action 
remained  constant  even  when  all  the  proteid  constituents  were  re- 
moved, thus  showing  that  the  toxic  action  cannot  be  attributed  to  the 
albuminoids.  Later,  Quartier  acknowledged  that  viper  venom  was 
destroyed  at  100°.  Calmette  found  it  to  be  destroyed  at  98°,  while 
still  later  Phisalix  and  Bertrand  showed  that  an  exposure  of  five 
minutes  at  80°-85°  destroyed  the  toxicity.  The  venom  pepton 
from  the  rattlesnake  or  the  moccasin,  however,  when  injected  into 
animals  produced  toxic  effects  which  were  marked  by  an  cedematous 
swelling  over  the  site  of  injection  ; the  tumor  was  filled  with  serum, 
and  so  also  was  the  subcutaneous  cellular  tissue.  Furthermore, 
a gradual  breaking  down  of  the  tissues  occurred,  accompanied  by 
rapid  putrefactive  changes  and  a more  or  less  extensive  slough. 
That  peptons  may  possess  intensely  poisonous  properties  has  been 
shown  to  be  the  case  by  a number  of  authors,  among  whom  may  be 
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mentioned  Schmidt-Miilheira,  Hofmeister,  Pollitzer,  and  others. 
Brieger  believed  that  the  formation  of  peptons  in  the  process  of 
digestion  was  accompanied  by  the  development  of  a toxic  ptomai'n, 
which  he  named  peptotoxin.  As  stated  elsewhere,  Salkowski  has 
very  properly  questioned  the  formation  of  peptoxin  in  the  ordinary 
digestion  of  proteids. 

The  venom  globulins,  on  the  other  hand,  though  present  in  less 
quantity  than  the  peptons,  induced  the  same  remarkable  local  effects 
seen  on  injection  of  the  pure  venom.  They  caused  local  bleedings, 
destroyed  the  coagulability  of  the  blood,  and  rapidly  corroded  the 
capillaries. 

These  results  of  Mitchell  and  Reichert,  which  are  given  somewhat 
in  full,  have  been  questioned  by  Wolfenden,  who,  while  agreeing  in 
the  main  that  the  poisonous  property  of  venom  is  due  to  proteid 
constituents,  regarded  their  pepton  not  as  a true  pepton,  but  rather 
as  one  or  more  bodies  of  the  albumose  group  of  proteids.  He  like- 
wise regards  the  globulin  of  moccasin  venom  to  be  some  other 
proteid  body.  According  to  him,  the  cobra  venom  owed  its  toxicity 
to  the  proteids,  globulin,  serum  albumin,  and  acid  albumin.  Occa- 
sionally there  seem  to  be  present  traces  of  pepton  and  of  hemial- 
bumose. 

Brieger  was  at  first  apparently  inclined  to  believe  that  the  action 
of  venom  was  due  to  animal  alkaloids,  on  the  ground  that  these 
bases  are  extremely  soluble,  and  hence  always  go  into  solution,  along 
with  the  likewise  very  soluble  proteid  constituents,  and  that  the 
difficulty  in  their  isolation  lies  in  the  elimination  of  these  proteids. 
Subsequently,  however,  Brieger  and  Friinkel  pointed  out  the 
poisonous  nature  of  some  bacterial  proteids  (toxalbumins)  and  also 
showed  that  cobra  poison  yields  with  alcohol  a precipitate  which 
gives  proteid  reactions. 

The  proteids  of  serpents’  venom  should  be  compared  with  the 
toxins  formed  by  the  activity  of  the  pathogenic  bacteria,  and  also 
with  the  similar  compounds,  the  phytalbumoses  of  castor  beans, 
jequirity,  etc.,  and  with  the  enzymes.  Possibly  similar  compounds 
will  be  found  in  croton  and  other  species  of  ricinus,  jatropha,  loco- 
weed,  etc.  The  poisons  secreted  by  certain  spiders  and  fish  may  be 
mentioned  in  this  connection  (see  p.  193). 

Recent  researches  on  the  venoms  have  been  productive  of  very 
important  results,  especially  from  the  standpoint  of  immunity  to  and 
cure  from  the  bites  of  venomous  serpents.  Although  in  the  higher 
latitudes  poisoning  from  snake-bites  is  comparatively  rare,  it  should 
not  be  overlooked  that  in  certain  portions  of  the  globe,  notably 
India  and  Australia,  the  mortality  from  this  cause  is  exceedingly 
high,  and  may  well  claim  the  attention  of  governments.  Thus,  it  is 
estimated  in  India  that  over  20,000  persons  die  annually  from  the 
bites  of  serpents. 
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Phisalix  and  Bertrand  in  1893  confirmed  Fontana’s  previous 
observation  that  the  garter-snake  (coideuvre)  was  unaffected  by 
repeated  bites  from  vipers  or  by  subcutaneous  injection  of  the 
venom  of  the  viper.  These  authors  showed  that  a dose  of  the 
venom  sufficient  to  kill  15  to  20  guinea-pigs  was  without  effect 
on  the  garter-snake.  The  natural  immunity  of  the  garter-snake 
to  the  viper  venom  is  thus  firmly  established.  From  previous 
researches  on  the  natural  immunity  of  the  “ crepaud  ” and 
viper  to  their  own  venoms  Phisalix  and  Bertrand  showed  that  the 
blood  or  serum  of  these  serpents  contained  the  same  poison,  echidnin, 
as  was  present  in  the  venom.  Similarly  the  blood  or  serum  of  the 
garter-snake  when  injected  in  doses  of  1.5  c.c.  intraperitoneally  into 
guinea-pigs  produced  death  in  two  hours  with  the  same  symptoms 
as  are  observed  after  poisoning  with  viper  venom.  Although  the 
several  forms  of  garter-snakes  are  considered  as  non-venomous,  they 
nevertheless  secrete  through  the  superior  maxillary  gland  (or  special 
glands,  Jourdain)  toxic  products  analogous  to  echidnin,  which  are 
excreted  into  the  blood,  rendering  this,  therefore,  highly  poisonous, 
and  at  the  same  time  establishing  natural  immunity.  After  the 
ablation  of  the  venom  glands  in  the  viper  the  blood  loses  a part  of 
its  toxicity,  showing  that  the  source  of  the  poison  in  the  blood  is  the 
venom  gland.  It  would  seem  that  this  immunity  is  one  of  tolerance 
and  analogous  to  that  which  Sewall  obtained  with  rattlesnake  venom. 

Later  (February,  1894),  Phisalix  and  Bertrand  showed  that  viper 
venom  heated  to  75°—  85°  for  five  minutes  lost  its  poisonous  property 
with  respect  to  guinea-pigs  and  acted  as  a vaccine.  The  temperature 
of  animals,  however,  was  raised,  whereas  with  unheated  venom  it  is 
lowered.  They  were,  therefore,  led  to  believe  that  viper  venom 
contained  (1)  a phlogogenic  substance  like  the  diastases — echidnase, 
and  (2)  a general  poison — echidnotoxin.  Since  both  are  destroyed  by 
heat  the  vaccine  results  either  from  the  destruction  of  these  two  sub- 
stances or  is  preformed  in  the  venom  and  acts  after  the  toxic  prin- 
ciples are  destroyed.  This  behavior  of  venom  to  heat  and  to  the 
production  of  immunity  is  analogous  to  Friinkel’s  method  of  produc- 
ing immunity  to  diphtheria. 

The  heated  viper  venom,  or  vaccine,  does  not  impart  immediate 
immunity  to  guinea-pigs,  but  this  condition  follows  after  the  lapse  of 
several  days — a result  of  the  reaction  of  the  organism.  An  anti- 
toxin appeared  in  the  blood  after  the  injection  of  the  echidnovaccine, 
and  in  less  amount  in  the  blood  when  immunity  has  been  estab- 
lished by  tolerance.  The  amount  of  antitoxin  in  the  blood  could  be 
increased  as  in  the  case  of  tetanus  and  of  diphtheria.  A very  short 
time  afterward  Calmette  confirmed  the  observations  that  animals 
could  be  immunized  by  repeated  injections  of  the  venom,  beginning 
in  small  doses  and  gradually  increasing.  A single  non-fatal  injec- 
tion of  venom  may  produce  antitoxin  in  the  blood  of  the  animal. 
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He  furthermore  obtained  immunity  by  applying  the  method  em- 
ployed by  Roux  and  Yaillard  in  their  work  on  tetanus,  that  is,  by 
repeated  injections  of  the  venom  mixed  with  gold  chlorid,  or  sodium 
or  calcium  hypochlorite.  The  serum  of  the  immunized  animal  was 
found  to  be  antitoxic  in  the  same  sense  as  the  serum  of  animals  im- 
munized to  diphtheria  or  tetanus.  Furthermore,  not  only  was  the 
blood  shown  to  be  antitoxic  to  the  venom  employed,  but  also  to  the 
venoms  of  other  serpents.  Thus,  the  serum  of  a rabbit  immunized 
against  the  cobra  venom  is  not  only  antitoxic  to  this  venom,  but  also 
to  the  viper  of  France,  the  black  snake  of  Australia,  etc. 

Immunity,  therefore,  to  venom  can  be  obtained  (1)  by  repeated 
injections  of  small  doses  (Sewall,  Phisalix  and  Bertrand,  Calmette); 

(2)  by  the  use  of  heated  venom  or  vaccine  (Phisalix  and  Bertrand), 

(3)  by  repeated  injections  of  venom  mixed  with  hypochlorite  solution 
(Calmette);  (4)  by  injections  of  antitoxic  serum  (Phisalix  and  Ber- 
trand, Calmette).  The  immunity  according  to  the  first  method,  by 
tolerance,  has  been  shown  to  be  due  to  the  presence  of  antitoxin  sub- 
stances in  the  blood  (Phisalix  and  Bertrand,  Calmette,  Fraser). 
The  second  and  third  methods  are  explainable  in  the  same  way. 

The  application  of  the  latter  principle  in  the  treatment  of  bites 
from  serpents  was  suggested  by  Phisalix  and  Bertrand  and  carried 
out  by  Calmette.  The  rabbit,  dog  (?),  guinea-pig  (Phisalix  and 
Bertrand),  horse  and  ass  have  been  employed  to  furnish  serum  anti- 
toxic to  venom.  Calmette  has  prepared  a serum  of  a strength  of 
1 : 10,00D ; that  is,  rabbits  given  a dose  of  venom  sufficient  to  kill 
in  three  or  four  hours  are  saved  if  a quantity  of  antitoxic  serum  cor- 
responding to  Y77J  of  their  weight  is  injected  not  later  than  one 
hour  after  the  injection  of  venom.  As  stated  above,  this  antitoxic 
serum  protects  against  all  venoms. 

Calmette  has  also  shown  that  the  ichneumon  of  the  Antilles  is 
naturally  immune  to  venom,  and  that  it  owes  this  condition  to  the 
antitoxic  property  of  its  blood.  Just  as  the  serum  of  man  or  of  the 
horse  was  sometimes  found  to  be  antitoxic  to  the  diphtheria  poison, 
so  the  serum  of  dogs  was  occasionally  found  to  be  antitoxic  to 
venom. 

The  studies  of  Phisalix  1 and  others  show  that  protection  against 
viper  venom  may  be  secured  by  the  injection  of  serum  of  diverse 
origin.  The  serum  of  the  vipers,  garter-snakes,  eels,  hedge-hog, 
guinea-pig,  frog,  toad,  dog  and  horse  possesses  such  action.  More- 
over, Fraser  has  found  that  minute  quantities  of  bile  possess  a like 
action.  Phisalix  has  not  only  confirmed  this  observation  but  has 
demonstrated  that  the  bile  acids,  cholesterin  and  tvrosin  vaccinate 
against  viper  venom.  The  protecting  property  however  is  lost  when 
the  material  is  heated  to  120°.  The  alcoholic  precipitates  produced 

* Compt.  Rendus,  121,  745  ; 122.  1439  ; 123,  1305  ; 125,  121,  977,  1053  ; 127, 
1036  ; 126,  431. 
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in  extracts  of  dog’s  liver  or  pancreas  also  protect.  Phisalix  lias  also 
found  that  extracts  of  mushrooms  (Agaricus  edulis)  and  the  venom 
of  hornets  exert  a similar  protective  action.  These  various  sub- 
stances are  not  strictly  speaking  antitoxins.  They,  like  porcelain, 
merelv  modify  the  venom.  This  may  be  due  to  changes  analogous 
to  surface  action. 

Fraser  has  independently  arrived  at  substantially  the  same  results 
as  the  French  investigators.  Serum  that  is  antitoxic  to  venom  is 
designated  by  Fraser  as  antivenin.  He  immunized  the  horse  and 
cat  against  the  cobra  venom.  The  cat  was  also  rendered  immune  by 
administration  through  the  stomach.  It  is  interesting  to  note  that 
R6pin  obtained  immunity  in  guinea-pigs  toabrin,  the  poisonous  albu- 
mose  of  jequirity,  by  repeated  administrations  of  small  doses  by  the 
mouth.  Ehrlich  has  shown  that  while  mg.  of  abrin  is  sufficient 
to  kill  a guinea-pig  in  two  or  three  days  when  injected  subcutane- 
ously, one  hundred  times  this  amount,  10  mg.,  is  necessary  to  kill  by 
the  mouth,  Roux  and  Yersin  endeavored  to  produce  immunity  to 
diphtheria  by  the  mouth,  but  were  unsuccessful. 

According  to  Fraser,  0.18  mg.  of  cobra  venom  constitutes  the 
minimum  fatal  dose  for  1 kilogram  of  rabbit.  The  guinea-pig  is  less 
susceptible,  and  the  kitten  still  less  so,  requiring  2 mg.  The  mini- 
mum fatal  dose  of  the  rattlesnake  venom,  per  kilogram  of  rabbit,  is 
placed  at  4 mg.  The  cobra  venom  is,  therefore,  16-20  times  more 
powerful  than  that  of  the  rattlesnake. 

Calmette  has  successfully  saved  rabbits  from  intoxication  by  venom 
by  injecting  in  a circle,  at  a distance  from  the  wound,  a solution  of 
fresh  calcium  hypochlorite ; in  the  case  of  man  an  injection  of 
20-30  c.c.  of  the  fresh  solution  obtained  by  diluting  a 1 : 12  solution 
(5  c.c.)  with  boiled  water  (45  c.c.).  Mairet  and  Bose  consider  this 
protection  by  hypochlorite  solution  as  due  to  a direct  action  on  the 
venom  poison,  and  not  to  the  formation  of  antitoxin.  This  method 
of  treating  venom  bites  has  been  tried  with  success  in  Australia.  It 
should  be  noted  that  a solution  of  hypochlorite  not  only  destroys  the 
poison  of  venom,  but  also  the  toxin  of  glanders  (Bench),  of  tetanus, 
and  diphtheria  (Roux). 

It  is  therefore  evident  that  a striking  similarity  exists  in  the 
action  of  venom,  of  plant  albumoses,1  of  bacterial  toxins,  and  of 
enzymes.  The  similarity  is  strengthened  further  by  the  behavior  of 
these  poisons  to  heat  and  to  chemicals,  and  lastly  by  development  of 
antitoxic  substances  in  the  blood  of  animals  artificially  immunized 
against  these  toxins. 

Venoms  resemble  the  phytalbumoses  and  bacterial  toxins  in  their 
behavior  to  red  blood  cells.  Mitchell  and  Stewart,  in  1897,  showed 
that  these  poisons  agglutinate  and  then  dissolve  the  red  blood  cor- 
puscles. The  work  of  Myers  on  cobra  lysins  has  been  mentioned  on 
'See  Cusliny,  Archiv.  exp.  Path.  u.  Pharm.,  41,  447  (1898). 
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page  141.  Flexner  and  Noguchi1  have  recently  made  a careful  study 
of  the  hemolytic  action  of  venoms.  Their  results  briefly  stated  are 
as  follows  : Agglutination  of  corpuscles  occurs  rapidly  in  favorable 
solutions,  while  in  very  weak  ones  a delay  of  some  minutes  up  to  one 
hour  may  be  noted.  Active  agglutination  takes  place  with  0.2  per 
cent,  solutions  of  venoms  but  the  maximal  results  are  given  by  0.5 
per  cent,  solutions.  The  corpuscles  of  the  rabbit  are  highly  sus- 
ceptible while  those  of  the  guinea-pig,  dog,  sheep,  swine  are  less  and 
in  about  the  order  given.  Hemolysis  follows  agglutination  and 
depends  on  the  strength  and  kind  of  venom  and  on  the  temperature. 
The  dog’s  corpuscles  are  more  easily  hemolyzed  but  agglutinate  less 
readily  than  do  corpuscles  from  other  animals.  The  agglutinating 
power  of  venoms  is  destroyed  by  heating  at  75—80°  for  30  minutes. 
This  temperature  has  no  effect  on  the  hemolytic  power  which,  more- 
over, is  only  slightly  decreased  by  heating  at  100°  for  15  minutes. 
The  hemolytic  power  of  venoms  differs  : cobra  is  most  active,  water- 
moccasin,  copper-head,  and  rattle-snake  are  less  in  the  order  named. 
The  different  mammalian  corpuscles  possess  a varying  degree  of  sus- 
ceptibility. The  dog’s  corpuscles  are  hemolyzed  most  rapidly  while 
those  of  sheep,  guinea-pig,  pig,  rabbit  and  ox  are  less  susceptible  in 
the  order  given.  The  hemolytic  effects  can  be  brought  out  usually 
with  0.2  per  cent,  solutions  of  the  venoms  but  in  the  case  of  the  ox 
a 0.5  per  cent,  solution  is  necessary.  Washed  corpuscles  are  agglu- 
tinated but  not  hemolyzed.  The  addition  of  serum,  however, 
promptly  induces  hemolysis.  Leucocytes  are  also  agglutinated  and 
hemolyzed  by  venoms.  The  agglutinating  principle  may  be  common 
to  both  the  red  and  white  corpuscles  while  the  dissolving  principle 
for  leucocytes  is  distinct  from  that  for  red  cells.  The  toxic  principle 
is  removed  by  nerve  cells  but  not  by  blood  cells.  Venom  destroys 
the  germicidal  properties  of  many  blood  sera  by  fixation  of  the  serum 
complements  by  the  venoms  which,  however,  have  no  action  upon 
the  intermediate  bodies  of  the  serum.  Antivenin  neutralizes  venom 
and  removes  both  the  hemolytic  and  antibacteriolytic  actions. 

The  blood  or  serum  of  the  common  turtle  (?)  (Bufo  vulgaris)  is  in 
1 c.c.  dose  toxic  to  frogs.  This  property  of  the  blood,  therefore,  is 
a result,  as  in  the  case  of  the  viper  and  the  garter-snake,  of  the 
“ inner-secretion  ” of  toxic  glands  (Phisalix  and  Bertrand). 

Cloez  and  Gratiolet  in  1852  examined  the  poison  contained  in  the 
cutaneous  pustules  of  some  batrachians,  and  succeeded  in  extracting 
a substance  which  gave  a white  precipitate  with  mercuric  chlorid 
and  formed  a platinum  double  salt.  Beyond  this  meagre  information 
very  little  is  known  in  regard  to  the  character  of  these  poisons, 
though  Zalesky,  in  1866,  announced  the  isolation  of  an  alkaloid  to 
which  he  assigned  the  formula  C34H60N2O5 , and  which  he  named 
samandarin.  According  to  Dutartre  (1890),  this  base  is  a leuco- 

1 Journ.  Erp.  Med.,  6,  277. 
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mai'D,  and  similar  products,  but  with  different  physiological  action, 
are  to  be  found  in  other  batrachians,  as  the  toad,  triton  (?),  green  and 
red  frogs,  and  in  the  epidermis  of  some  fish.  According  to  Calmeil, 
the  poison  from  the  toad  contains  methyl  carbylamin  and  ieocyan- 
acetic  acid.  According  to  Phisalix  and  Contejean,  the  blood  of  the 
salamander  possesses  antitoxic  action  with  reference  to  curare.  The 
salamander,  therefore,  is  naturally  immune,  and,  moreover,  its  blood 
will  protect  frogs  against  curara. 

The  recent  studies  of  Faust 1 show  that  samandarin  acts  upon  the 
central  nervous  system.  The  chemical  nature  of  the  poison,  how- 
ever, remains  undetermined.  According  to  Phisalix 2 the  salamander 
venom  loses  its  toxicity  on  drying;  is  promptly  destroyed  at  100° 
and  even  at  50° ; and  is  also  destroyed  by  alcohol.  The  venom 
altered  by  heating  to  60°  acts  as  a vaccine  and  hence  resembles  the 
serum  of  eels. 

The  venom  of  bees  is  said  to  owe  its  toxicity  to  an  organic  base. 
That  of  the  hornet,  according  to  Phisalix,  immunizes  against  viper 
venom,  is  not  destroyed  at  120°,  is  soluble  in  alcohol  and  does  not 
contain  an  alkaloid. 

Phisalix3  has  also  shown  that  the  ventral  glands  of  myriapods 
(lulus  terrestris)  yield  a toxic  secretion  which  is  not  affected  by 
heating  in  a sealed  tube  at  100°  but  is  destroyed  at  120°.  The 
venom  is  supposed  to  contain  quinone. 


1 Archiv.  erp.  Path.  u.  Pharm.,  41,  229. 

2 Comptes  Rendus,  125,  121,  977  (1897). 

3 Comptes  Rendus,  131,  955,  1005,  1007. 
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CHAPTER  XVI. 

THE  AUTOGENOUS  DISEASES. 

All  living  things  are  composed  of  cells.  The  simplest  forms  of 
life  are  unicellular,  and  in  these  all  the  functions  of  life  devolve  upon 
the  single  cell ; absorption,  secretion,  and  excretion  must  be  carried 
on  by  the  same  cell.  A collection  of  unicellular  organisms  may  be 
compared  to  a community  of  men  with  every  individual  his  own 
tailor,  shoemaker,  carpenter,  cook,  farmer,  gardener,  blacksmith,  etc. 
Nevertheless  it  is  true  that  in  communities  of  unicellular  orgauisms 
the  accumulation  of  their  own  secretions  and  excretions  impair  the 
growth  of  the  individual  and  finally  rob  it  of  its  life.  But  only  the 
lowest  forms  of  life  are  unicellular ; all  others  are  multicellular.  In 
the  higher  animals  there  is  a differentiation  not  only  in  the  size  and 
structure  of  the  cells,  but  in  the  duties  imposed  upon  them.  The 
body  of  man  may  be  compared  to  a community  in  which  labor  has 
been  specialized.  Certain  groups  of  cells,  which  we  designate  by 
the  term  “ organ,”  take  upon  themselves  the  task  of  doing  some 
special  line  of  work,  the  well  doing  of  which  is  essential  to  the  life, 
not  only  of  that  group,  but  of  other  groups  as  well,  or  of  the  body 
as  a whole.  There  is  an  interdependence  among  the  various  organs. 
Certain  groups  of  cells  supply  the  fluids  or  juices  which  act  as  digest- 
ants,  and  among  these  there  is  again  a division  of  labor.  The  sal- 
ivary glands  supply  a fluid  which  partially  digests  the  starch  of  our 
food  ; the  peptic  glands  supjily  the  gastric  juice  which  does  the  pre- 
liminary work  in  digestion  of  the  proteids,  while  the  pancreatic  juice 
completes  the  digestion  of  the  starches,  begun  in  the  mouth,  of  the 
proteids  begun  in  the  stomach,  and  does  the  special  work  of  emulsi- 
fying fats.  Harm  results  to  the  individual  when  any  part  of  the 
digestive  processes  is  not  properly  carried  on,  and  even  some  of  the 
products  of  complete  digestion  are  harmful  when  permitted  to  enter 
the  circulation  unchanged.  The  peptons  must  be  converted  in  part  at 
least  into  serum  albumin  by  the  absorbing  mechanism  of  the  walls 
of  the  intestines,  and  while  ten  per  cent,  of  the  fat  of  the  food  is 
split  up  into  glycerin  and  fatty  acids  by  the  action  of  the  pancreatic 
juice,  a much  smaller  per  cent,  enters  the  thoracic  duct  in  this  divided 
form.  The  food  taken  may  be  proper  both  in  quality  and  in  quan- 
tity and  the  digestive  juices  may  do  their  work  promptly  and  satis- 
factorily, but  if  the  absorbents  fail  to  perform  their  functions  properly, 
disease  results.  Again  it  may  happen  that  the  failure  lies  in  im- 
proper or  imperfect  assimilation,  and  the  result  becomes  equally  dis- 
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astrous,  and  with  the  effects  of  non-elimination  we  are  fairly  con- 
versant. Of  the  myriads  of  cells  in  the  healthy  human  body  there 
is  none  which  is  superfluous.  It  is  true  that  among  these  ultimate 
entities  of  existence  death  is  constantly  occurring,  but  in  health 
regeneration  goes  on  with  equal  rapidity  and  each  organ  continues  to 
do  its  daily  and  hourly  task.  The  microscope  has  made  us  familiar 
with  the  size  and  shape  of  the  various  cells  of  the  body,  and  pathol- 
ogists have  described  the  alterations  in  form  and  size  characteristic 
of  various  diseases  ; but  we  must  remember  that  in  the  study  of  these 
ultimate  elements  of  life  there  are  other  things  besides  their  morpho- 
logical history  to  investigate.  They  are  endowed  with  life,  and  they, 
as  well  as  bacteria,  have  a physiology  and  a chemistry  which  we  but 
slightly  know.  Their  functions  are  influenced  beneficially  or  harm- 
fully, as  the  case  may  be,  by  their  environment.  They  grow  and 
perform  their  duties  properly  when  supplied  with  the  needed  pabu- 
lum, but  they  are  not  immune  to  poisonous  agents,  and  they  are  in- 
jured when  the  products  of  their  own  activity  accumulate  about  them.  * 

It  is  true,  without  exception  so  far  as  we  know,  that  the  excre- 
tions of  all  living  things,  plants  and  animals,  contain  substances 
which  are  poisonous  to  the  organisms  which  excrete  them.  A man 
may  drink  only  chemically  pure  water,  eat  only  that  food  which  is 
free  from  all  adulterations,  breathe  nothing  but  the  purest  air,  free 
from  all  organic  matter,  both  living  and  dead,  and  yet  that  man's 
excretions  would  contain  poisons.  Where  do  these  poisons  originate? 
They  are  formed  within  the  body.  They  originate  in  the  metabolic 
changes  by  which  the  complex  organic  molecule  is  split  up  into 
simpler  compounds.  We  may  suppose — indeed  we  have  good  reason 
for  believing — that  the  proteid  molecule  has  certain  lines  of  cleavage 
along  which  it  breaks  when  certain  forces  are  applied,  and  that  the 
resulting  fragments  have  also  certain  lines  of  cleavage  along  which 
they  break  under  certain  influences,  and  so  on  until  the  end  products, 
urea,  ammonia,  water,  and  carbon  dioxid  are  reached ; also  that 
some  of  these  intermediate  products  are  highly  poisonous  has  been 
positively  demonstrated.  The  fact  that  the  hydrocyanic  acid  mole- 
cule is  a frequent  constituent  of  the  leucomains,  is  one  to  which  we 
have  already  called  attention.  We  know  that  chemical  composition 
is  an  indication  of  physiological  action,  and  the  intensely  poisonous 
character  of  some  of  the  leucomains  conforms  to  this  fact.  It  matters 
not  whether  the  proteid  molecule  be  broken  up  by  organized  ferments, 
bacteria,  or  by  the  unorganized  ferments  of  the  digestive  juices,  by 
the  cells  of  the  liver  or  by  those  still  unknown  agencies  which  induce 
metabolic  changes  in  all  the  tissues  — in  all  cases  poisons  may  be 
formed.  These  poisons  will  differ  in  quantity  and  quality  according  to 
the  proteid  which  is  acted  upon  and  according  to  the  force  which  acts. 

It  is  not  our  intention  at  this  time  to  write  extensively  concerning 
the  autogenous  diseases.  We  desire  simply  to  call  attention  to  the 
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fact  which  has  been  illustrated  specifically  in  the  preceding  chapter, 
that  among  the  metabolic  products  of  the  animal  body  there  are  to 
be  found  substances  which  are  more  or  less  toxic  in  their  action. 
By  the  word  autogenous,  as  indicating  a class  of  diseases,  we  under- 
stand that  in  these  disorders  the  materies  morbi  is  a product  of  some 
cell  of  the  body,  and  not,  as  in  the  case  of  the  infectious  diseases,  of 
cells  introduced  from  without  the  body.  Much  has  been  said  about 
auto-intoxication,  and  in  our  opinion  a large  part  of  what  has  been 
said  upon  this  subject  is  without  sufficient  scientific  foundation. 
Auto-intoxication  is  a word  now  frequently  used  to  cover  up  our 
ignorance,  and  the  time  has  not  yet  come  for  a thorough  investiga- 
tion of  this  subject.  Indeed,  it  is  almost  impossible  in  a given  case 
to  exclude  external  factors  which  influence  diseased  conditions. 
While  we  must  admit  that  poisons  are  formed  in  the  animal  body, 
it  is  not  always  easy  — in  fact  we  may  say  it  is  never  easy — to  be 
certain  that  the  starting  point  does  not  lie  outside  the  body.  Some 
* writers  have  mistaken  the  secondary  effects  of  ectogeuous  toxins  for 
auto-intoxications.  As  an  illustration  of  this  we  may  mention  the 
attempt  that  has  been  made  to  classify  alcoholic  cirrhosis  under  the 
head  of  auto-intoxications.  The  explanation  which  has  been  offered 
by  those  who  have  advocated  this  classification  is  that  the  changes  in 
the  liver  are  not  due  to  the  direct  action  of  alcohol,  but  that  as  a re- 
sult of  the  abuse  of  this  beverage  a diseased  stomach  results,  and  on 
account  of  its  diseased  condition  permits  the  absorption  of  imper- 
fectly digested  substances,  to  the  direct  action  of  which  the  changes 
in  the  liver  and  other  organs  are  to  be  attributed.  According  to 
our  way  of  looking  at  it,  alcoholic  cirrhosis  is  due  either  directly  or 
indirectly  to  the  action  of  the  toxic  substance  which  is  introduced 
from  without,  and  certainly  should  not  be  classed  among  autogenous 
diseases.  Auto-infection  has  also  been  confounded  with  auto-intoxi- 
cation. 

These  two  processes  are  wholly  distinct,  and  a clear  comprehension 
of  each  will  prevent  confusion.  The  term  auto-infection  is  properly 
applied  to  those  cases  in  which  the  virus  of  disease  is  carried  locally 
in  some  part  of  the  body,  and  is  distributed  from  this  locality  to 
other  parts  of  the  body.  Illustrations  of  auto-infection  are  numerous 
in  certain  diseases,  and  especially  in  tuberculosis.  An  individual 
with  pulmonary  tuberculosis  swallows  his  sputum  and  infects  his 
intestinal  walls.  Another  person  may  carry  for  years  a colony  of 
tubercle  bacilli  in  his  lungs,  in  his  bones,  or  in  some  other  part  ot 
his  anatomy,  and  then  when  this  individual  is  exposed  to  conditions 
which  materially  lower  his  vitality,  the  bacilli  which  have  been  con- 
fined to  a narrow  locality,  pass  beyond  the  bounds  to  which  they 
have  so  far  been  restricted,  and  invade  every  tissue,  leading  to  acute 
miliary  tuberculosis.  Post-mortem  examinations  have  shown  that 
one-third  or  more  of  all  men  have  latent  tuberculosis,  and  this  un- 
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doubtedly  is  the  explanation  of  the  frequently  observed  fact  that 
injury  to  some  part  of  the  body  leads  to  tubercular  lesions  in  that 
locality.  In  this  way  we  can  account  for  tuberculosis  of  the  hip 
joint,  of  the  spine,  and  of  the  meninges  of  the  brain.  These  illus- 
trations must  suffice  to  show  the  difference  between  auto-infection 
and  auto-intoxication. 

Some  writers  are  inclined  to  place  under  the  head  of  auto-intoxica- 
tions all  those  diseased  conditions  in  which  no  lesions  can  be  detected 
either  macroscopically  or  microscopically,  while  on  the  other  hand, 
they  exclude  from  the  list  of  autogenous  diseases  all  those  disorders 
which  are  accompanied  by  lesions.  This,  in  our  opinion,  is  plainly 
unscientific,  and,  indeed,  the  error  of  such  a position  needs  only  to  be 
pointed  out  in  order  to  be  plainly  understood.  The  endogenous 
poisons  may  induce  lesions  which  are  quite  as  extensive  and  quite 
as  marked  as  those  which  result  from  the  ectogenous  toxins.  For 
instance,  recent  researches  have  shown  that  normal,  sterile  bile 
when  introduced  into  the  pancreatic  duct  and  brought  in  contact 
with  the  tissue  of  this  gland  causes  most  marked  necrotic  changes  ; 
indeed,  it  is  doubtful  whether  or  not  we  have  among  the  bacterial 
toxins  any  substance  which  will  cause  more  marked  morphological 
changes  in  any  tissue  than  that  induced  by  normal  bile  when 
brought  in  contact  with  the  pancreas.  It  must  be  evident,  there- 
fore, that  we  cannot  exclude  from  the  autogenous  diseases  all  of 
those  which  show  tissue  changes.  Indeed,  it  is  probable  that  there 
is  no  disease  which  is  unaccompanied  by  morphological  changes  in 
the  cells  in  some  part  of  the  body.  These  alterations  may  be  so 
slight  that  they  have  escaped  detection,  but  it  certainly  is  true  that 
the  number  of  diseases  unaccompanied  by  morphological  changes 
grows  less  each  day. 

As  has  already  been  stated,  we  have  not  as  yet  sufficient  scientific 
data  to  enable  us  to  attempt  even  a provisional  classification  of  the 
autogenous  diseases.  However  we  may  point  out  certain  facts  con- 
nected with  this  subject. 

1.  The  digestive  organs  may  but  imperfectly  perform  their  func- 
tion, and  the  products  of  their  incomplete  action  may  be  absorbed 
and  may  lead  to  more  or  less  disturbance  in  certain  organs  of  the 
body.  Moreover  in  such  a case  as  this  every  part  of  the  body  will 
suffer  more  or  less  from  insufficient  nutrition  due  to  the  fact  that 
properly  prepared  pabulum  is  not  brought  within  reach  of  the  cellu- 
lar elements.  That  imperfectly  digested  proteids,  and  in  fact  certain 
proteids  wholly  undigested,  may  be  absorbed,  is  a well  known  fact. 
To  what  extent  the  absorption  of  undigested  proteids  may  take 
place  in  the  animal  body  and  how  much  harm  can  be  wrought  in 
this  way,  we  are  not  able  to  say.  It  is  more  than  probable  that  the 
great  susceptibility  of  the  infant  to  bacterial  products  formed  in 
milk  is  due  to  the  fact  that  during  this  period  of  life  the  intestinal 
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walls  permit  the  passage  of  proteid  bodies,  to  which  the  same 
structure  in  the  adult  is  impervious.  When  peptons  and  albumoses 
are  injected  directly  into  the  blood  they  act  as  powerful  poisons. 
I hey  destroy  the  coagulability  of  the  blood,  lower  the  blood  pres- 
sure, and  in  large  quantities  cause  speedy  death.  The  lassitude  and 
depression  following  a full  meal,  especially  one  rich  in  proteids,  is 
attributed  to  the  absorption  of  peptous,  but  so  far  there  is  no 
scientific  evidence  bearing  on  this  point.  Pepton  and  albumose  are 
frequently  found  in  the  urine,  but  whether  the  substances  found  in 
this  excretion  have  been  absorbed  from  the  intestinal  wall  or  have 
been  elaborated  elsewhere  in  the  animal  body,  no  one  knows. 

2.  That  certain  secretions  and  excretions  of  the  human  body  are 
poisonous  when  brought  in  contact  with  tissues  with  which  normally 
they  have  no  relation,  is  well  known.  We  have  already  referred  to 
the  action  of  normal  bile  when  brought  in  contact  with  the  pancreas, 
and  that  the  bile  acids  have  a hemolytic  action  when  absorbed  into 
the  circulation  is  a fact  which  has  long  been  known.  Why  it  is  that 
the  bile  has  a destructive  action  upon  the  cells  of  the  pancreas  and 
no  such  effect  upon  the  cells  of  the  liver,  or  upon  the  structures  of 
the  gall  passages  and  intestines,  we  do  not  know.  It  is  rather  strange 
that  with  the  close  relation  between  the  pancreas  and  the  gall  blad- 
der that  the  contents  of  the  latter  do  not  more  frequently  reach  the 
former.  So  far  as  we  know  this  is  an  accident  which  very  seldom 
happens,  and  without  the  experimental  demonstration  which  has 
been  made  on  this  subject  it  would  be  quite  impossible  to  account  for 
the  alterations  observed  in  the  pancreas  in  the  few  instances  in  which 
this  has  happened. 

3.  It  is  the  function  of  certain  organs  of  the  body  to  prevent  the 
passage  of  certain  substances  into  the  general  circulation.  In  other 
words,  it  is  the  duty  of  certain  groups  of  cells  to  protect  other  com- 
munities from  harmful  agents.  The  rich  therapeutical  results  which 
have  followed  experimental  investigations  of  the  relation  of  the  thy- 
roid gland  to  myxedema  and  cretinism  are  illustrations  under  this 
head.  The  probabilities  are  that  myxedema  is  a form  of  mucinsemia, 
and  that  the  introduction  of  an  excess  of  mucus  into  the  other  tissues 
is  prevented  by  the  normal  action  of  the  thyroid  gland.  This  pro- 
tective action  of  certain  glands  is  manifest  both  in  certain  internal 
and  external  secretions.  That  the  bile  consists  essentially  of  exere- 
mentitious  material  is  generally  believed  and  in  fact  has  been  demon- 
strated. It  is  not  necessary  to  multiply  illustrations  of  this  kind. 

4.  That  the  undue  retention  of  excrementitious  substances  fre- 
quently leads  to  disturbances  of  health,  is  well  known.  The  ab- 
sorption of  effete  matter  from  the  intestines  and  the  retention  of 
substances  which  should  be  eliminated  by  the  kidneys  may  lead  to 
disastrous  results.  We  have  only  to  mention  as  an  illustration 
under  this  head  the  retention  of  urates  in  the  causation  of  gout,  and 
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the  absorption  of  bile  in  cases  of  obstructive  jaundice.  Our  studies 
of  the  leucomains  have  shown  that  small  amounts  of  substances  more 
or  less  toxic  are  constantly  being  formed  in  cellular  metabolism,  and 
the  undue  retention  of  these  leads  to  disease. 

5.  That  certain  cells  in  the  body  fail  to  adjust  themselves  to  gen- 
eral alterations  taking  place  in  other  organs  at  certain  periods  of  life, 
is  quite  evident.  So  true  is  this  that  the  physician  recognizes  the 
fact  that  there  are  certain  periods,  such  as  that  of  puberty  and  the 
climacteric,  which  are  accompanied  by  special  dangers  to  health  and 
even  to  life.  The  most  plausible  explanation  of  this  is  on  the  sup- 
position that  in  the  special  disturbances  of  certain  organs  other  parts 
of  the  body  fall  out  of  harmony,  and  the  parts  no  longer  work  to- 
gether smoothly. 

6.  Under  conditions  but  little  understood  at  present  certain  cells 
of  the  body  fail  to  utilize  certain  food-stufFs.  This  is  true,  for  in- 
stance, in  certain  forms  of  diabetes.  The  cells  which  are  accustomed 
to  absorb  and  utilize  the  sugars  find  themselves  unable  to  accomplish 
this  duty,  and  the  unused  sugar  acts  as  a poison  to  other  tissues. 

7.  Active  poisons  are  sometimes  formed  by  certain  cells  in  the 
body.  In  this  way  we  account  for  the  presence  of  certain  of  the 
more  highly  toxic  leucomains  and  some  of  the  more  poisonous  acids, 
such  as  oxy-butyric,  and  some  of  the  poisonous  gases,  such  as  hydro- 
gen sulphid  and  methyl  mercaptan,  and  some  of  the  alkaloidal  bodies 
which  have  been  discussed  in  the  chapter  on  leucomains. 
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Examination  of  poisonous  foods,  226 

FjVVTTY  acids,  52 
r Fa?ces,  poisons  in,  272 
Fish,  canned,  199,  200 
fermented,  249 
poisonous,  193 
ptoma'ins,  47,  198 
Florence’s  crystals,  450 
Food  poisoning,  188 

examination  in,  227 
Friedliender’s  bacillus,  33 
Fugu,  195 

Fungous  diseases,  17 

GADININ,  47,  315 
Gaduin,  320 
Galactin,  473 
Galactotoxismus,  215 
Gautier’s  leucomains,  459,  460 
Gautier  and  Etard’s  bases,  286 
methods,  233 
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Gautier  and  Etard’s  extraction  of  leuco- 
ma'ins,  455 

Gelatin,  hexon  bases  from,  426 
ptomai'ns  from,  47 
Germicidal  action  of  serum,  102 
Gerontin,  449 
Glanders,  101,  262 
Globin,  435 

Globulin,  germicidal  properties  of,  104 
Halliburton’s,  104 
precipitins,  115 
Glucosins,  281 

Glycogen  in  tubercle  bacillus,  82 
Gonococcus,  89 
Gonotoxin,  89 
Goose  grease,  poisonous,  209 
poisonous,  238 
Gram’ 8 bases,  326 
Griffith’s  bases,  261 
Guanidin,  341,  380 
from  arginin,  438 
butyric  acid,  438 
Guanin,  340,  376 
constitution,  340 
preparation  of,  384 
Guareschi’s  base,  323 

and  Mosso’s  bases,  326 

HALICHTIIYTOXIN,  198 
Ham,  poisonous,  210 
Haptophorous  group,  36,  65,  128,  129, 
130,  182 
Hemitoxin,  35 
Hemoglobin,  435 
Hemoglobinuria,  136 

Hemolytic  action  of  staphylolysin,  88 
of  tetanolysin , 63 
of  venoms,  480 
Hemolysis,  123,  134,  137 
Hemotropic  group,  128 
Heteroagglutinins,  140 
Heterolysins,  129,  140 
Heteroxanthin,  339,  397 
Hexamethylenediamin,  279 
Hexon  bases,  335,  422 
action  ofr  433 
in  proteids,  426 
method  of  separation,  427 
Hexylamin,  253 
Histidin,  426,  442 
Histon,  428,  434 
action  of,  432 

Historical  sketch  of  bacterial  poisons,  38 

Hog-cholera,  99,  281 

Homologous  sera,  152 

Honey,  toxic,  197 

Hornet,  poison,  481 

Hydrocollidin,  258 

Hydrocoridin,  261 

Hydrogen  sulphid,  52,  57 

Hydrolutidin,  254 

Hydrophobia,  173,  186 

Hyoscyamin-like  substances,  42,  244 


Hypoxanthin,  341,  365 

TCE-CREAM,  poisonous,  219 
I Ichneumon,  immunity  to  venom,  170, 
478  _ 

Ichthyotoxismus,  193 
Idio-isolysins,  139 

iso-agglutinins,  139 
Immune  body,  124 
Immunity,  163 
active,  165 

and  agglutination,  179 

artificial  or  acquired,  165,  171 

bacterial,  179 

inherited,  165 

methods  of  inducing,  171 

natural,  165 

passive,  165 

produced  bv  non-bacterial  products, 
173 

role  of  phagocytes,  168 
Indol,  59,  241 
Indoxj-1,  453 
Infection,  18 

and  intoxication,  bacterial,  164 
Infectious  diseases,  18 

definition  of,  23 
how  produced,  23 
poisons  of,  48 

Intermediary  body,  128,  130,  135,  136, 
151 

Intoxications,  18,  24 
Intracellular  toxins,  166 
Iso-amylamin,  253 
-agglutinins,  139 
Isolysins,  129 
idio-,  139 
Iso-muscarin,  311 

-propylamin,  2o5“ 

JEQUIRITY,  47 

KAKKE,  196 

Koch’s  rules,  24 
Kreotoxismus,  201 
Kynurenic  acid,  453 

T ACTOCHOLIN,  303 
1 1 Lactochrome,  473 
Lactoserum,  115 
Lafon’ s reagent,  243 
Lathyrismus,  222 

Lecithin,  decomposition  of,  296,  305 
preparation  of,  296 
Lepierre’s  base  from  cheese,  323 
Leucin,  33,  49,  57,  101,  255 
homologues  of,  317 
Leucinimid,  452 
Leucocidin,  88,  109 
Leucolysin,  149 
Leucocythsemia,  urine  in,  348 
Leucocytosis,  87 
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Leucomai'ns,  29 

chemistry  of,  332 
tables  of,  481 
Lutidin,  254 
Lycin,  305 
Lysatinin,  425 
Lysin,  425,  444 
Lysins,  122,  181 
Lysuric  acid,  446 

Macrophages,  ies 

Malignant  cedema,  101 
Mai'dismus,  223 
Mallein,  101 

Meal  and  bread,  poisonous,  220,  222,  223 
Meat,  poisonous,  47,  201 
Mechanical  interference,  theory  of,  21 
Meissner1  s base,  465 
Methyladenin,  363 
amin,  248 
betain,  305 
carbylamin,  481 
guanin,  383,  386 
guanidin,  47,  56,  100,  282,  284 
hydanto'fn,  460 
hypoxanthin,  375 
quinolin,  452 
uramin,  283 

xanthin,  339,  394,  395,  397 
Milk,  agglutinins,  156 
bacteria,  94 
leucomai'ns  in,  473 
poisonous,  215 
precipitins,  114 
sera,  action  of,  143 
Monamins,  248 
Mongoose,  170,  478 
Morin’ s base,  280 
Morphin-like  substances,  240 
Morrhuic  acid,  319 
Morrhuin,  285 
Morvin,  101 
Murexid,  392 
Muscarin,  47,  307,  311 
Mussel,  poisonous,  189 
Mycoderma  aceti,  30 
Mycoprotein,  33 
Mydatoxin,  47,  311 
isomer  of,  313 
Mydalein,  47,  324 
Mydin,  47,  257,  287 
Myriapods,  poison  of,  481 
Mytilotoxin,  47,  191,  313 
Mytilotoxismus,  189 

NARCOTIC  substance  of  I’anum,  41 
Nencki’s  base,  255 
Nephrotoxin,  89,  143 
NeubauePs  method,  407 
Neuridin,  47,  209,  276 
Neurin,  47,  288,  310 
Neurotic  diseases,  19 
Nicotin-like  substances,  43,  239 


Nicotinic  acid,  258 
Nuclease,  175,  177 
Nuclein  bases,  335 
Nucleins,  98,  334 

germicidal  action,  109,  110 
metabolism  of,  336 
Nucleinic  acid,  109,  110,  429 
in  phagocytes,  169 
metabolism  of,  343 
Nucleohiston,  350,  434 
Nucleosin,  416 

ARNITHIN,  437,  446 
U Ornithuric  acid,  437 
OscPh  base,  286 
Ovasera,  115 

Oxalate  plasma,  agglutination  by,  157 
Oxy-betains,  320 
-cholin,  308 
-neurin,  304 
Oxygenated  bases,  248 
Oysters,  poisonous,  192 

pACHYRRHIZID,  198 
1 Panum’s  narcotic  substance,  41 
putrid  poison,  40 
Paraffin  oil,  bases  in,  281 
Parareducin,  464 
Paraxanthin,  339,  400 
Parvolin,  259 
Pathoamins,  465 
Pellagra,  223 
Pellagrocei'n,  240 
Pentamethylenediamin,  272 
Peptonizing  bacteria  from  milk,  95,  96 
Pepton,  poisonous  nature  of,  96 
sera,  116 
Peptotoxin,  328 
Petroleum,  bases  in,  281 
Petromyzon,  197 
Pfeiffer’s  phenomenon,  122 
Phagocytes,  168 
Phagolysis,  173 
Phenol,  33,  243 
Phenyl adenin,  364 
-alanin,  256 
-ethylamin,  256 
Phlogosin,  85,  327 

Phosphorus-containing  substances,  44 
Phylocytase,  136 
Phytalbumose,  476 
Piperazin,  451 

Piperidin,  synthesis  of,  272,  442 
Plague  precipitins,  113 
Plasmolysis,  170 

Pneumonia,  chemical  products  in,  100, 
283 

immunity  to,  100 
Poisonous  arrows,  68 
foods,  188 

examination  of,  226 
Pork,  202,  204 
Pouchet’s  bases,  320,  323 
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Pouchet’s  bases  in  urine,  464 
Precipitins,  113 
Propylamin,  43,  252 
Propionyl  guanin,  383 
Protalbumose,  49 
Protamin,  81,  428 
separation  of,  430 
germicidal  action  of,  432 
physiological  action  of,  433 
Proteids,  bacterial,  31 
poison,  42 

vulgaris,  87,  91,  263 
Protons,  429,  431 
Prototoxins,  35,  65 
Prototoxoid,  65 
Protozoal  diseases,  18 
Pseudo-xantliin,  422 
Ptomain  poisoning,  226 
Ptoma'fns,  chemistry  of,  248 
definition  of,  29 
methods  of  extraction  of,  230 
table  of,  330 
Ptomatins,  29 
Ptomatropin,  244 
Puerperal  fever,  101 
Purin,  336,  346 

bases,  sepax-ation  of,  407 
group,  334,  336 
action  of,  345 

metabolism  of,  342,  344,  406 
structure  of,  337 
Pus  organisms,  85 
bases  from,  349 
Putrefactive  alkaloids,  29 
Putrescin,  47,  56,  265,  438 
in  urine,  467 

Putrid  material,  effects  of,  38 
poison  of  Panum,  40,  42 
Pyocyanin,  86,  152,  330 
Pyocyanase,  175 

action  on  bacteria,  176 
Pyogenetic  proteids,  83,  86,  90 
Pyoxanthose,  330 
Pyrazin,  418 
Pyridazin,  418 
Pyridin,  281,  319 
Pyrimidin,  417 
group,  334,  415 
relation  to  uric  acid,  419 
Pyrrolidin  carbonic  acid,  448 

QUINtOLIN,  453 
Quinone,  481 

EABBIT  septicemia,  100 
Receptors,  129,  130 
Reducin,  463 
Rennet,  anti-,  150 
Roussin’s  test  for  nicotin,  237 

C ALAMANDER,  480 
O poison,  480 
Saliva,  leucomai'ns  in,  471 


Salkowski’s  base,  287 
Salmin,  429 
Salmon,  199 
Samandarin,  480 
Saprin,  47,  278 
Sarcin,  365 

Sardines,  poisonous,  200 
Sarkin,  365 

Sausage,  poisonous,  39,  43,  201,  249 
Scombrin,  429 
Scombron,  434 
Sebacic  acid,  39,  204,  211 
Selmi’s  method,  43 
Sepsin,  41 
Septicemia,  24 
of  rabbits,  100 
Septicin,  253 

Serum,  germicidal  action,  102,  169 
agglutination  by  normal,  153,  154 
precipitins,  118* 

-therapy,  47 
Siguatera,  193 
Silurin,  429 
Sinkalin,  289 
Sitotoxismus,  220 
Skatol,  242,  453 
Skin  burns,  329,  466 
Skunk  secretion,  452 
Small-pox,  171 
Spasmotoxin,  61,  254 
Spermatolysins,  145 
Spermatoxins,  145 
Spermatozoa,  agglutination  of,  146 
composition  of,  429,  435 
Spermin,  450 
Sphacelinic  acid,  221 
Spleen,  leucoma'ins  in,  473 
Staphylococcus  pyog.  aureus,  86,  88 
bases  from,  327 
hemolytic  action,  88 
flavus,  210 
Staphylolysin,  88 
Staphylotoxin,  88 

pathological  changes  by,  89 
Stas-Otto  method,  231 
Streptococcus,  91,  249,  250,  255 
immunity  to,  173 
Strychnin-like  substances,  239 
Sturin,  429 

Substance  sensibilatrice,  135 
Succinic  acid,  438 
Sucholotoxin,  99 
Summer  diarrhoeas  of  infancy,  90 
Suppuration,  85 
Suprarenin,  474 
Susotoxin,  99,  280 
Swine-plague,  immunity  to,  180 
Symptomatic  anthrax,  209 

TETANIN,  61,  320 
1 Tetanotysin,  36,  63 
Tetanospasmin,  36,  63 
Tetanotoxin,  61,  254 
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Tetanus,  61 

antitoxin,  65,  60 

bacillus,  products  of,  34,  47,  61,  254, 
313,  320 
toxins,  34,  61 

hemolytic  action,  63,  64 
elimination,  66 
action  on  nerve  cells,  66 
Tetramethylenediamin,  267 
Tetramethvl-putrescin,  269 
Tetrodon,  195 
Tetrodonin,  196 
Thein,  see  caflein 
Theobromin,  339,  404 
Theophvllin,  337,  339,  404 
Thyrnin,  416 

Toxalbumins,  30,  50,  61,  70,  97 
Toxicology  of  bacterial  products,  237 
Toxins,  22,  29,  33,  35 

conversion  into  antitoxin,  185 
minimum  fatal  dose,  72 
natural  immunity  to,  170,  171 
pathological  changes  by,  73 
Toxoid,  35,  65,  133 
immunity,  37 
of  the  staphylococcus,  88 
Toxons,  35,  65,  72 
Toxopeptons,  57 
Toxophil  chains,  182 
Toxophorous  group,  36,  65,  130,  182 
Traumatic  disease,  18 
Trichiniasis,  201 
Triethylamin,  252 
Trigonellin,  305 
Trimethylamin,  47,  250 
xanthin,  340,  405 
Trimethylenediamin,  56,  264 
Tritotoxins,  35,  65 
Tubercle  bacillus,  products  of,  77 
ehemotatic  action,  83 
fatty  products,  79 
nucleinic  acid,  81 
proteid  products,  80 
protamin,  81 
ptoma'ins,  82 
Tuberculin,  77,  83 
action  of,  84,  139 
Tuberculinic  acid,  81 
Tuberculosamin,  81,  429 
Tuberculosis,  76 
Turtle,  480 

Turkey,  poisonous,  210 
Typhoid  bacillus,  97 

agglutination  of,  113 
fever,  97,  165 

serum  agglutination  in,  155,  159 
-like  bacilli,  210 
Typhotoxin,  47,  97,  316 
isomer  of,  317 
Tyrosin,  49,  57,  101,  255 
Tyrotoxicon,  46,  213,  323 
in  summer  diarrhoea,  94 
Tyrotoxismus,  211 


^DETERMINED  leucomains,  461 
ptoma'ins,  323-330 
Uracil,  417,  418 

Urea,  as  cleavage  product,  437,  459 
Uric  acid,  333,  334 
deposits  of,  344 
group  of  leucomains,  334 
metabolism  of,  343 
purin  bases  from,  337 
reduction  of,  337 

separation  of,  from  xanthin  bases, 
412 

synthesis  of,  419 
Urine,  agglutination  by,  155 
diphtheria  toxin  in,  70,  468 
leucomains  in,  250,  389,  463 
toxicity  of,  468 
Urochrome,  464 
Urotheobromin,  400 
Urotoxin,  465 
Urotoxy,  469 
Urotoxic  coefficient,  469 
Uschinsky’s  medium,  34 

VALERIANIC  acid,  33 
V Valero-cholin,  303 
Veal,  poisonous,  205,  209 
Vegetable  foods,  poisoning  by,  220 
Vetch,  poisonous,  222 
Venoms,  47,  474 

agglutinating  action,  480 
artificial  immunity  to,  172,  476 
hemolytic  action,  137,  141,  479 
natural  immunity  to,  170 
Veratin-like  substances,  245,  263 
Vernin,  378 

Vibrio  cholera;  asiaticse,  153,  170,  248, 
264 

Metchnikovi,  152 
Vinylamin,  143 

Vitiated  air,  effects  of  inhalation  of, 
461 

WEI  DEL’S  reaction,  352,  370 

White  liquefying  bacterium,  prod- 
ucts of,  94 

Widal’s  reaction,  154 

V ANTHIN,  339,  388 
bases,  335 
constitution  of,  339 
isolation  of,  410 
reaction,  352,  370,  392 
Xantho-creatinin,  457 

VEAST,  30,  33 
I auto-digestion  of,  348 
decomposition  of,  326 
nuclein,  100 
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DIRECTIONS. 


After  removing  the  lid,  drop  the  contents  from  the  tin  box  into  warm  water.  I 
Care  should  be  taken  that  the  roll  does  not  unfurl  and  that  its  evenness  remainsl 
undisturbed.  Leave  the  roll  in  the  warm  water  so  long  as  air-bubbles  rise  to  the! 
surface;  then  lift  it  out  gently,  press  some  of  the  superfluous  water  out;  removel 
the  gauze  wrapper  and  safety-pin,  and  carefully  stretch  it  on  a smooth  board,  which! 
should  be  a little  more  than  a yard  long  and  at  least  9 inches  wide.  Smooth  the! 
surface  of  the  fabric  with  the  moistened  hand,  then  turn  it  over  and  perform  thel 
same  process  on  the  reverse  side  and  tuck  up  the  ends  into  hems.  It  can  now  bel 
cut  into  any  size  or  shape  required.  If  a window  or  windows  are  necessary,  they! 
can  easily  be  cut  out  with  a heavy  pair  of  scissors. 

Apply  quickly  to  that  part  of  the  body  where  it  is  required.  The  skin  of  thel 
body  where  the  splint  is  to  rest  should  first  be  either  carefully  oiled  after  having! 
been  shaved  or  else  covered  with  a layer  of  oiled  silk  or  cotton  batting. 

The  whole  of  the  work  should  be  done  quickly,  as  otherwise  the  plaster  off 
Paris  will  begin  to  set  before  the  splint  has  been  put  in  its  proper  position.  As! 
the  whole  mass  is  extremely  pliable  and  will  adapt  itself  easily  to  any  contour  or! 
shape  of  the  body,  it  will  form  a perfect  shell,  which  hardens  within  ten  to  fifteen 
minutes.  An  addition  of  alum  (5  to  10  grs.  per  litre — about  one  quart)  will  con 
siderably  hasten  the  process  of  setting. 

The  splints  may  be  secured  with  bandages  whilst  still  wet.  They  can  after 
wards  be  easily  removed,  and  after  the  locality  has  been  carefully  examined,  1 
replaced  again  without  any  trouble  whatever. 

Where  more  strength  is  required,  two  or  more  layers  of  the  splint  may  1 

used. 

The  splints  are  supplied  in  various  widths,  but  in  uniform  lengths  of  one  metre, 
or  39  inches. 
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1 Tin, 
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( „ 8"  x 39") 

5/- 
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Dear  Sir,  -1  invariably  use  vour  lyni|>!i,  because,  after 
trying  that  of  many  others,  I find  yours  never  fails  : 
that  you  give  a far  larger  quantity  for  the  money ; and  that 
the  tul)es  you  use  are  of  a much  laiger  bore  and  have  a 
nozzle,  which  makes  them  much  easier  to  handle.  Finally, 
1 can  always  rely  upon  getting  a supply  by  return. 

Yours  faithfully, 

C.  A,  I’.  Truman,  1..R.C.S.I.,  etc., 
Reading. 

I am  glad  to  inform  you  that  your  lymph  has  in  every 
case  been  successful,  and  this  is  more  than  T can  say  of  any 
other  supply  which  1 have  yet  tried  : and,  of  course,  in  my 
case,  being  a Public  Vaccinator,  this  is  most  essential,  or 
my  supply  would  entirely  fail. 

A.  J.  Cross,  M.B.,  etc., 

Pa/tan-in- Furness. 

I take  this  opportunity,  unsolicited,  of  testifying  to  the 
excellent  quality  of  the  lymph  you  have  sent  me.  As  you 
are  aware,  1 have  had  a sufficient  number  of  tubes  to  do 
over  a hundred  cases,  which  I consider  a very  fair  trial.  In 
only  one  case  there  has  been  no  apparent  effect  produced. 
In  every  primary  vaccination  I have  done  there  nave  been 
three  perfect  vesicleB.  and  even  ill  the  revaccination 
there  has  Iwen  an  unusually  large  percentage  of  perfectly 
natural  vaccination.  1 have  been  struck  with  the  number 
of  good  vesicles  in  those  apparently  well  protected  : that  is 
to  say,  judging  from  the  size  and  character  of  the  scar. 
Some  people  even  over  seventy  years  of  age  have  taken  as 
perfectly  as  children  three  months  old. 


The  excellent  results  obtained  I attribute  entirely  to  the 

way  your  vaccine  is  prepared,  and  I shall  always 

recommend  it  with  perfect  confidence. 

You  are  at  liberty  to  make  what  use  you  like  of  this 
testimony. 

Yours  truly, 

W.  K.  Huu.mork,  M.D., 
Medical  Officer  of  Health , Falmouth. 

t28,  Mansfield  Road,  Gospel  Oak,  N.W 
April  27,  1898. 

1 was  exceedingly  pleased  with  the  lymph  you  sent.  It 
is  the  best  that  has  yet  come  across  my  notice. 

J.  W.  Williams,  M.R.C.S. 

April  24,  1898. 

The  results  of  600  cases  of  revaccination  have  l>een  ex- 
cellent and  given  complete  satisfaction. 

A.  S.  Robinson,  B.A.,  M.B.,  I ! . C. , 

Pub.  Fa*  . Guisl’orough  Union. 

Gentlemen, — We  have  used  your  calf  lymph  for  some 
time  past,  and  have  always  obtained  excellent  results. 
Yours  truly, 

H.  I.ANGRAN,  L.R.C.P.  Edin. 

R.  W.  Senior,  L.R.C.P.  Lond. 


. „ June  22,  1898. 

The  lymph  is  all  that  can  be  desired. 

W.  Y.  Veitch, 

Public  U accinator,  Middlesborough . 


5,  Windsor  Road, 

Ealing,  W. 

Sept.  11th,  1902. 

Dear  Sirs,— I have  pleasure  in  complying  with  your  request  of  July  iSth  last.  Vour  lymph 
I found  all  that  could  be  desired— in  no  instance  had  I any  untoward  sequel.  Upon  reverse  I have 
tabulated  number  of  punctures  made  and  successful  number  of  vesicles  obtained  upon  inspection 
seven  days  subsequently. 

I shall  be  pleased  for  you  to  make  use  of  accompanying  figures  professionally.  In  every 
instance  4 punctures  made,  together  with  scarification.  Total  punctures,  2.830.  Total  vesicles,  2 788 
and  4 papules. 

2,830 

2,792 

38  short  of  total  possible  result. 

Relieve  me,  faithfully  yours, 

F.  Robertson  Ha  ward, 

Public  Vaccinator,  Bradford  Union. 
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No.  3.  4-inch  Ordinary  30  sec. 
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No.  4.  4-inch  Lens  front  2J  min.  (Magnifying) 
At  3/-  net.  31/-  per  doz.  net. 

No.  5-„4-inch  Lens  front  60  sec.  (Magnifying) 
At  4/6  net.  44/-  per  doz.  net. 

No.  6.  4-inch  Lens  front  30  sec.  (Magnifying) 
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No.  7.  4-inch  Flat  back  2i  min. 
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No.  8.  4-inch  Large  Bore  60  sec..  Red  Scale. 

At  3/-  net.  31/6  per  doz.  net. 

No.  9.  5-inch  Veterinary,  very  strong. 

At  4/6  net.  48/-  per  doz.  net. 

No.  10.  4-inch  Veterinary  Clinicals  or  Cattle 
Thermometers,  with  strong  Bulbs,  marked  with 
various  Animals’  Normal  Temperatures. 

At  2/6  net.  27/-  per  doz.  net. 

Kew  Certificates  for  any  of  the  above, 

12/-  per  doz.  extra. 

Screw  cases,  3/-  per  doz.  net. 

The  prices  quoted  above  for  single  thermometers 
include  metal  cases. 

NOT  ICE— In  the  event  of  breakage  in  transit, 
claim  should  he  made  on  the  Carrier  or  Post 
Office,  as  we  cannot  ho'd  ourselves  responsible. 
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ABRAMS— Prophylaxis.  Personal  Hygiene,  Nursing,  and 

Care  of  the  Sick.  See  Cohen,  Physiologic  Therapeutics,  page  5. 

ANATOMICAL  CHARTS  OF  THE  EYE  (TWO). 

Suitable  for  Lecturing  or  Teaching  Purposes.  Each  Chart  contains  four 
figures. 

No.  1 oxhibits  : (a)  External  and  Middle  Coats  of  Eyeball ; (£)  Ciliary  Nerves  ; 
(c)  Ciliary  Arteries  ; (</)  Meridional  Section  of  the  Eye. 

No.  2 shows:  (e)  Orbital  Fascia  and  Capsule  of  Tenon,  Sagittal  Section; 
if)  Orbital  Fascia  and  Capsule  of  Tenon,  Transverse  Section  ; (g)  Retina  of  Posterior 
one-half  of  Right  Eyeball  ; (h)  Nerves  of  Orbit. 

These  Charts  are  prepared  from  Anatomical  Sections  made  by  high  authority,  and  are 
absolutely  correct  and  true  to  nature.  They  are  very  much  enlarged,  each  figure  measur- 
ing inches,  and  are  printed  on  art  paper  from  photo-engravings  in  a warm  photo 

tint.  Each  Chart  measures  30  x 22  inches. 

Price  per  Set  (unmounted),  6s.  net.  Weight,  1 lb.  Prix.  6 frs. ; poids,  J kilo. 

BARWISE— Practical  Hints  on  the  Analysis  of  Water 

and  Sewage.  For  the  Use  of  Medical  Officers  of  Health.  By  Sidney 
Barwise,  M.D.,  D.P.H.,  Fellow  of  the  Incorporated  Society  of  Medical 
Officers  of  Health,  Medical  Officer  of  Health,  Derbyshire  County  Council. 

In  reviewing  this  work  the  Public  Health  Engineer  says  : “ We  understand  that 
Dr.  Barwise  has  written  his  book  with  one  eye  on  Water  Analysis  and  the  other  on  the 
Analysis  of  Sewage.  It  is  certainly  obvious  that  if  the  numerous  sewage  works  which  are 
being  constructed  are  to  be  properly  worked,  the  effluents  from  them  must  be  systematically 
analysed.  Therefore  this  book  will  be  found  to  be  quite  as  useful  to  the  engineer  as  to  the 
medical  officer.  By  the  process  described  by  the  author  and  by  him  used,  with  the  apparatus 
designed  by  him,  an  accurate  analysis  can  be  easily  made  by  any  engineer  after  a little 
practice.  The  book  will  also  l>e  found  useful  in  assisting  the  analyst  in  interpreting  the 
results  of  his  analysis.  We  feel  certain  that  all  those  who  are  engaged  in  public  health 
work  will  find  it  of  the  greatest  utility.” 
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Practical  Hints  on  the  Analysis  of  Water  and  Sewage — continued. 

EXTRACTS  FROM  REVIEWS. 

“ The  subject  could  hardly  be  put  in  simpler  terms,  both  in  regard  to  details  of  pro- 
cesses and  to  the  construction  which  may  be  put  upon  the  results.”— Lancet. 

“The  book  has  the  just  merit  of  being  eminently  practical.” — Public  Health. 

In  one  Royal  8vo.  volume  of  56  pages.  Illustrated.  Price,  Limp  Cloth,  2s  6d  net 
Weight,  4 lb.  Prix,  3.26  frs. ; poids,  i kilo. 


BELL— The  Pasteurisation  and  Sterilisation  of  Milk. 

By  Albert  E.  Bell,  F.I.C.,  F.C.S.,  District  Analyst  for  Dorset,  Lecturer  on 
Chemistry  at  Westminster  College,  London. 

In  writing  this  little  book  the  author  has  been  actuated  by  a desire  to  bring  home  to 
those  interested  in  dairy  work  the  vital  importance  of  sterilising  milk,  and  to  set  before 
them  those  methods  by  which  this  may  be  most  cheaply  and  effectively  accomplished. 

The  author  has  also  endeavoured  to  avoid  the  use  of  such  technical  terms  as  would  be 
likely  to  be  unintelligible  to  the  average  reader. 

EXTRACTS  FROM  REVIEWS. 

“ . . . The  book  will  be  read  by  the  lay  reader  with  advantage,  since  it  points  out  the 
dangers  arising  from  infected  milk  and  the  advantages  of  sterilised  milk.”— Lancet. 

“ • ■ • The  author  has  produced  a handbook  that  will  be  found  intelligible  even  to  those 
having  only  an  elementary  knowledge  of  dairying.  . . — Dairy  World. 

One  Crown  8vo.  volume  of  about  50  pages.  Price  is.  6d.  net.  Weight,  2 ozs. 

Prix,  2 frs.  ; poids,  0.056  kilo. 


BISHOP  — Uteri  ne  Fibromyomata.  Their  Pathology, 

Diagnosis,  and  Treatment.  By  E.  Stanmore  Bishop,  F.R.C.S.  Eug., 
Hon.  Surgeon  Ancoats  Hospital,  Manchester  ; President  of  Manchester  Clini- 
cal Society ; Fellow  of  the  British  Gynaecological  Society,  etc. 

Uterine  Fibromyomata  occupy  to-day  much  the  same  position  that  Ovarian  Tumours 
did  iu  the  days  of  Sir  Spencer  Wells.  Special  interest,  therefore,  attaches  to  such  growths 
at  this  time.  Their  literature  also  has  so  much  increased,  and  is  so  widely  spread  that  it 
is  impossible  for  those  not  specially  acquainted  with  it  to  keep  abreast  of  its  many  and 
various  developments. 

This  work  aims  at  being,  above  all,  practical.  It  supplies  the  medical  attendant 
with  up-to-date  material  on  which  to  base  his  opinion  and  advice,  and  the  operator 
with  full  details  as  to  the  various  procedures  at  his  disposal. 

EXTRACTS  FROM  REVIEWS. 

“The  book  upon  the  whole  is  a very  fair  summary  of  the  present  knowledge  and 
practice  with  regard  to  fibromyomata  of  the  uterus.  ...  It  gives  a good  deal  of  informa- 
tion upon  a matter  of  great  interest  in  a readily  accessible  form.” — Lancet. 

“We  do  not  think  that  we  are  incorrect  m saying  that  it  is  one  of  the  most  valuable 
works  on  a gynaecological  subject  which  has  appeared  for  some  time.  The  chapter  on  the 
technique  of  operative  methods  is,  perhaps,  the  best  in  the  book.” — Dublin  Journal  of 
Medical  Science. 

“ It  can  be  strongly  advjsed  that  every  medical  man  should  read  Mr.  Bishop’s  book. 
Those  who  are  not  well  up  in  the  subject  will  learn  very  thoroughly  the  points  at 
issue  in  modern  practice  ; and  those  who  are  well  versed  in  the  matter  will  find  many 
new  points  of  interest  and  much  sound  reasoning,  in  the  consideration  of  which  they  will 
not  injure  their  surgical  mind.” — Fred.  Edge  in  the  Birmingham  Medical  Review. 

One  Royal  8vo.  volume,  323  pages,  with  many  full-page  Plates  and  other  Illustrations. 

Price,  cloth,  15s.  net.  Weight,  3 lbs.  Prix,  18.19  frs. ; poids,  l£  kilos. 

Just  Ready. 

BJORLING— Briquettes  and  Patent  Fuel.  Their  Manu- 
facture and  the  Machinery  connected  therewith.  By  Philip  R.  Bjorling, 
C.E.  Royal  8vo.,  256  pp.,  121  Illustrations.  15s.  net.  [Sec  Appendix. 
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BJORLING  and  GISSING— The  Technical  Dic- 
tionary-Cyclopaedia. Edited  by  Philip  R.  Bjorling  and  Frederick 
T.  Gissing.  Illustrated.  [See  Appendix. 

BROCA— Surgical  Anatomy  and  Operative  Surgery 

of  the  Middle  Ear.  By  A.  Broca,  Surgeon  to  the  Trousseau  Hospital, 
Paris,  etc.  Translated  by  Macleod  Yearsley,  F.R.C.S.,  Surgeon  to  the 
Royal  Ear  Hospital,  London,  etc. 

EXTRACTS  FROM  REVIEWS. 

“ The  book  is  authoritative,  and  we  can  confidently  promise  that  its  perusal  will  afford 
quicker  and  more  accurate  information  upon  the  surgical  anatomy  of  the  middle  ear  than 
any  other  work  with  which  we  are  acquainted.”^ — British  Medical  Journal. 

“ The  translator  is  to  be  congratulated  upon  bringing  such  a useful  monograph  on  so 
important  a subject  before  the  English-reading  profession.  The  arrangement  of  the  book 
is  admirable.  Coming  from  such  an  authority  on  the  subject  as  Broca,  this  monograph 
will  prove  a valuable  addition  to  the  literature  on  the  subject.” — The  Practitioner. 

Royal  8vo.,  72  pages,  with  56  Illustrations,  limp  cloth,  gilt  lettered  on  side.  Price 
3s.  6d.  net.  Weight,  1 lb.  U S. A.,  $1  post  free.  Prix,  5 frs. ; poids,  ^ kilo. 

Just  Ready. 

BROOMELL— Anatomy  and  Histology  of  the  Mouth 

and  Teeth.  By  J.  N.  Broomell,  M.D.,  Professor  of  Dental  Anatomy, 
Dental  Histology  and  Prosthetic  Techniques  in  the  Pennsylvania  College 
of  Dental  Surgery. 

Second  Edition,  enlarged  and  revised.  Large  octavo,  500  pp.  337  Illustrations. 
Price  21s.  net.  Weight,  lbs.  Prix,  26.50  frs. ; poids,  2.25  kilos. 

Just  Ready. 

CHASE — General  Paresis,  Practical  and  Clinical.  By 

Robert  Howland  Chase,  A.M.,  M.D.,  Physician-in-Chief  Friends’  Asylum 
for  the  Insane ; late  Resident  Physician  State  Hospital,  Norristown,  Pa.  ; 
Member  of  the  American  Medico-Psychological  Association  ; Fellow  of  the 
College  of  Physicians,  Philadelphia,  Pa. 

One  Demy  8vo.  volume  of  291  pages.  Illustrated.  Price,  bound  in  cloth,  8s.  net. 
Weight,  If  lbs  Prix,  10  frs.  ; poids,  § kilo. 


CHREIMAN — Health  : Loss  and  Gain.  A Plea  for  the 

more  Definite  and  Extended  Practice  of  Preventive  Medicine.  By  M.  A. 
Chreiman. 

“ Well  worthy  of  perusal.” — Bristol  Medic o-Chirurgical  Journal. 

One  Demy  l2mo.  volume,  221  pages.  Price  2s.  6d.  net.  Weight,  1 lb.  Prix,  3.25  frs.  ; 

poids,  h kilo. 

IPJT  IMPORTANT  ANNOUNCEMENT. 


COHEN — A System  of  Physiologic  Therapeutics.  A 

Practical  Exposition  of  the  Methods,  other  than  Drug-giving,  useful  in  the 
Treatment  of  the  Sick,  by  American,  English,  German,  and  French  Authors. 
Edited  by  Solomon  Solis  Cohen,  A.M.,  M.D.,  Professor  of  Medicine  and 
Therapeutics  in  the  Philadelphia  Policlinic ; Lecturer  on  Clinical  Medicine 
at  Jefferson  Medical  College;  Physician  to  the  Philadelphia  and  Rush 
Hospitals,  etc. 
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A System  of  Physiologic  Therapeutics — continued. 

EXTRACTS  FROM  REVIEWS. 

“ If  the  volumes  already  issued  (I.,  to  IV.)  afford  any  criterion  of  the  quality  of  those 
which  are  .to  come,  the  latter  will  be  satisfactory  to  the  most  exacting,  and  the  whole  series 
will  constitute  a work  of  reference  which  it  will  be  very  inconvenient  to  be  without.” 
— Journal  of  Balneology  and  Climatology. 

1 he  third  and  fourth  volumes  of  the  ‘System’  Climatology,  etc.,  contain  a mass  of 
information  concerning  the  health  resorts  of  the  world  which  will  make  them  especially 
valuable  for  reference.” — British  Medical  Journal. 

“ 1 he  wealth  of  detail  and  profuseness  and  excellence  of  illustration  ought  to  render  this 
a valuable  work  of  reference.” — Glasgow  Medical  Journal. 

REVIEW  OF  VOLS.  I.  AND  II.  ON  “ELECTROTHERAPY.” 

“Such  a system  is  undoubtedly  wanted,  as  there  is  not  at  present  any  recognized 
complete  work  dealing  with  this  subject  (‘  Electrotherapy  ’)  in  the  manner  intended  in 
these  volumes.  We  shall  look  forward  to  the  subsequent  volumes  of  this  system  with 
considerable  interest.” — Birmingham  Medical  Review. 

To  be  Completed  in  eleven  compact  octavo  volumes.  The  price  of  each  volume  is 
12s.  6d.  (15.79  frs.)  net,  or  £6  6s.  (159.10  frs.)  net  for  the  entire  Series  to 
Advance  Subscribers.  The  weight  of  each  volume  averages  about  3 lbs.,  or  H 
kilos. 

A Full  Descriptive  Prospectus , containing  a List  of  the  Volumes  in  the  Series,  together  with 
names  of  the  various  Contributors , will  be  sent  to  any  address  on  application , post  free. 

In  making  this  Announcement,  the  Publishers  wish  to  call  attention  to  and 
to  emphasize  the  various  important  and  unique  features  of  the  series  : 

There  is  no  similar  set  of  volumes  in  the  English  language.  The  series  is  in  many 
respects  absolutely  unique.  While  individual  books  have  been  issued  on  certain  of  the 
subjects,  no  attempt  has  been  made  to. present  auxiliary  methods  of  treating  disease  in  the 
same  systematic  manner  with  the  like  full,  practical,  detailed  directions  for  their  use. 

The  subjects,  while  of  the  greatest  importance,  are  those  least  understood  by  the 
physician,  and  have,  to  a large  extent,  been  neglected  by  the  writers  of  the  day. 

Each  volume  aims  to  discuss  the  subject  treated  in  a practical,  concise,  and  modern  way. 

The  authors  have  been  selected  with  reference  to  their  comprehension  of,  and  experi- 
ence with,  the  subjects  treated.  In  order  that  the  widest  possible  view  should  be  presented, 
' and  because  of  special  knowledge  of  peculiar  conditions  desired  to  make  the  series  more 
complete,  Germany,  France,  England,  and  the  United  States  have  each  furnished  their 
quota  of  writers.  The  series,  therefore,  is  international  in  character  and  scope,  assimi- 
lating the  best  from  all  nations,  the  editor  dominating  the  whole  and  bringing  all  into  one 
harmonious  plan. 

The  editor  has  carefully  read  and,  when  necessary,  rearranged  the  manuscripts,  supply- 
ing deficiencies  and  cross-references.  This  has  resulted  in  a clarification  of  style,  a 
harmony  of  scheme,  and  a co-ordination  of  treatment. 

Illustrations  have  been  used  wherever  they  serve  to  elucidate  the  text ; no  effort  has 
been  made  to  insert  useless  pictures. 

The  type,  paper,  and  binding  are  of  the  best  quality,  heavy-face  letter  being  used  to 
emphasize  important  headings  and  subdivisions. 

The  indexes  will  be  complete  and  carefully  prepared  by  a medical  expert  of  large  ex- 
perience in  literary  work.  Each  volume  will  have  an  index,  in  order  that  it  may  be 
complete  in  itself,  while  the  eleventh  volume  will  contain  a general  index. 

A Very  Complete  Digest  of  the  Contents  of  each  volume  will  be  included  in 
Volume  XL,  arranged  (i)  alphabetically  by  disease,  (2)  according  to  treatment  indicated. 


LIST  OF  VOLUMES  IN  THE  SERIES  IN  THE  ORDER  OF  PUBLICATION. 

Vols.  I.  and  II. — Electrotherapy.  Illustrated.  Two  books  (not  sold  separately), 
comprising  565  pages,  with  220  Illustrations  in  the  text. 

By  George  W.  Jacouy,  M.D.,  New  York,  Consulting  Neurologist  to  the  German 
Hospital,  to  the  infirmary  for  Women  and  Children,  to  the  Craig  Colony  for  Epileptics, 
• etc.  Special  articles  on  Electricity  in  Diseases  of  the  Eye,  by  Edward  Jackson, 
A.M.,  M.D.,  Denver,  Col.  ; Emeritus  Professor  of  Diseases  of  the  Eye  in  the  Phila- 
delphia Policlinic;  Member  American  Ophthalmological  Society;  iellow  and  ex- 
President  American  Academy  of  Medicine,  etc. — In  Diseases  of  the  Throat  and 
Nose,  by  Wiluam  Scheppf.grell,  M.D.  New  Orleans,  Member  American  Laryngo- 
logical,  Rhinological,  and  Otological  Society. — In  General  Surgery,  by  J.  Chai.mers 
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A System  of  Physiologic  Therapeutics—  continued. 

Da  Costa,  M.D.,  Professor  of  the  Principles  of  Surgery  and  Clinical  Surgery  in 
Jefferson  Medical  College  ; Surgeon  to  the  Philadelphia  and  St.  Joseph’s  Hospitals, 
etc. — In  Gynaecology,  by  Franklin  H.  Martin,  M.D.,  Professor  of  Gynaecology, 
Post-Graduate  Medical  School  of  Chicago  ; Gynaecologist  Chicago  Charity  Hospital  ; 
Surgeon  to  the  Woman’s  and  to  the  Post-Graduate  Hospitals,  etc. — In  Diseases  of 
the  Skin,  by  A.  II.  Ohmann-Dumksnii.,  M.D.,  Editor  of  St.  Louis  Medical  and 
Surgical  Journal ; Member  International  Dermatological  Congress;  formerly  Pro- 
fessor of  Dermatology,  St.  Louis  Medical  College,  etc.  [Ready. 

Vols-  III.  and  IV.— Climatology  and  Health  Resorts,  including  Mineral 
Springs.  Two  books  (not  sold  separately)  of  about  330  pages  each,  with  many 
valuable  Maps. 

By  F.  Parkes  Wkber,  M.A.,  M.D.,  F.R.C.P.  Lond.,  Physician  to  the  German 
Hospital,  Dalston  ; Assistant  Physician  North  London  Hospital  for  Consumption  ; 
Author  of  “The  Mineral  Waters  and  Health  Resorts  of  Europe";  and  Guy 
Hinsdale,  A.M.,  M.D.,  Secretary  of  the  American  Climatological  Association  ; 
President  of  the  Pennsylvania  Society  for  the  Prevention  of  Tuberculosis;  formerly 
Lecturer  on  Medical  Climatology  in  the  University  of  Pennsylvania,  etc.  [Ready. 

Vol.  V.  — Prophylaxis— Personal  Hygiene— Care  of  the  Sick. 

Illustrated. 

By  Albert  Abrams,  A.M.,  M.D.,  University  of  Heidelberg,  formerly  Professor  of 
Pathology,  Cooper  Medical  College,  San  Francisco;  Dr.  Henry  Leffmann,  Pro- 
fessor of  Chemistry  in  the  Woman’s  Medical  College,  Philadelphia  ; Dr.  Josf.ph 
McFarland,  Professor  of  Pathology  Medico-Chirurgical  College,  Philadelphia;  and 
Dr.  W.  Wayne  Babcock,  Lecturer  on  Pathology  and  Bacteriology  in  the  same 
College.  [Just  issued. 

Vol.  VI. — Dietotherapy.  Food  in  Health  and  Disease. 

By  Nathan  S.  Davis,  Junr.,  A.M.,  M.D.,  Professor  of  Principles  and  Practice  of 
Medicine  in  North-Western  University  Medical  School ; Physician  to  Mercy  Hos- 
pital, Chicago ; Member  American  Academy  of  Medicine,  American  Climatological 
Society,  etc.  [Recently  published. 

Vol.  VII.— Mechanotherapy.  Illustrated. 

By  John  Kf.arsley  Mitchell,  M.D.,  Assistant  Physician  to  the  Orthopaedic 
Hospital  and  Infirmary  for  Nervous  Diseases  ; Assistant  Neurologist  Presbyterian 
Hospital,  Philadelphia  ; Attending  Physician  to  the  Pennsylvania  School  for  Feeble- 
Minded  Children ; Fellow  College  of  Physicians  of  Philadelphia,  etc.  ; formerly 
Lecturer  on  Symptomology  at  the  University  of  Pennsylvania  ; and  Luther  Gui.ick, 
M.D.,  of  Brooklyn,  N.Y.,  formerly  of  Springfield,  Mass.,  Member  American  Asso- 
ciation for  Advancement  of  Physical  Education,  American  Medical  Association,  etc. 

[In  Press. 

VoL.  VIII.— Rest— Mental  Therapeutics— Suggestion. 

By  Francis  X.  Dercum,  M.D.,  Clinical  Professor  of  Nervous  Diseases  in  Jefferson 
Medical  College ; Neurologist  to  the  Philadelphia  Hospital  ; Consulting  Physician  to 
the  State  Asylum  for  the  Chronic  Insane  at  Wemersville,  Penna.  ; Consulting 
Neurologist  to  St.  Agnes’  Hospital ; Neurologist  to  the  Jewish  Hospital  of  Phila- 
delphia. [/«  preparation. 

Vol.  IX.  — Hydrotherapy  — Thermotherapy — Balneology— Photo- 
therapy. 

By  Dr.  Wilhelm  Winternitz,  Professor  of  Clinical  Medicine  in  the  University 
of  Vienna ; Director  of  the  General  Policlinic  in  Vienna,  etc.  ; and  Dr.  E. 
Heinrich  Kisch,  Professor  in  the  University  of  Prague;  Physician  at  Marien- 
^Pa-  [Just  issued. 

Vol.  X.— Pneumatotherapy  and  Inhalation  Methods.  Illustrated. 

By  Dr.  Paul  Tissier,  Chief  of  Clinic  of  the  Faculty  of  Medicine  of  Paris. 

[In  preparation. 

Vol.  XI.  — Serotherapy  — Organotherapy  — Blood-Letting,  etc.— 
Principles  of  Therapeutics— Digest— Index. 

By  Joseph  McFarland,  M.D.,  Professor  of  Pathology  in  the  Medico-Chirurgical 
College,  Philadelphia  j Pathologist  to  the  Medico-Chirurgical  Hospital  and  to  the 
Rush  Hospital  for  Consumptives  and  Allied  Diseases,  etc.  ; O.  T.  Osborne,  M.D., 
Professor  of  Materia  Medica  and  Therapeutics,  Medical  Department,  Yale  University 
Newhaven;  Frederick  A.  Packard,  M.D.,  Visiting  Physician  to  the  Pennsyl-’ 
vania  and  to  the  Children’s  Hospitals;  The  Editor  and  Augustus  A.  Eshnf.R 
M.D.,  Professor  of  Clinical  Medicine  in  the  Philadelphia  Policlinic  ; Physician  to  the 
Philadelphia  Hospital , etc.  [/„  preparation. 
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CONN— Agricultural  Bacteriology.  Including  a Study 

of  Bacteria  as  Relating  to  Agriculture,  with  Special  Reference  to  the  Bacteria 
in  Soil,  in  the  Dairy,  in  Food  Products,  in  Domestic  Animals,  and  in 
Sewage.  By  H.  W.  Conn,  Ph.D.,  Professor  of  Biology,  Wesleyan 
University,  Middletown,  Conn. 

EXTRACTS  FROM  REVIEWS. 

“To  all  interested  in  agriculture  in  its  broadest  sense  this  book  may  be  strongly 
recommended.” — Lancet. 

“ In  a readable  and  convenient  form,  Dr.  H.  W.  Conn  has  brought  together  the  relations  of 
bacteriology  to  the  practical  work  of  the  agriculturist.  Such  matters  as  the  relative 
advantages  of  treating  milk  by  boiling  or  by  Pasteurization,  the  effect  of  bacteria  in  ripening 
cream  for  butter-making,  the  liability  of  the  latter  to  harbour  pathogenic  bacteria,  the 
measures  to  be  taken  when  tuberculosis  is  suspected  in  a herd,  and  indeed  almost  every 
subject  in  which  bacteriology  comes  into  touch  with  agriculture,  are  sensibly  and  adequately 
discussed.  The  view  that  useful  fermentative  changes  are  due  even  more  largely  than  has 
hitherto  been  thought  to  ferments  excreted  by  the  bacteria  rather  than  to  their  direct 
action  is  favoured.  So  far  as  it  goes  the  summary  of  the  relation  of  bacteria  to  the 
diseases  of  domestic  animals  is  very  good  and  well  brought  up  to  date,  though  we  should 
have  been  glad  had  it  been  more  expanded.  We  can  confidently  recommend  ‘ Agricultural 
Bacteriology  ’ as  interesting  and  useful  to  a wider  circle  of  readers  than  to  those  to  whom  it 
is  more  immediately  addressed.” — British  Medical  Journal. 

In  one  12mo.  volume  of  412  pages.  Illustrated.  Price  11s.  net.  Weight  2j  lbs. 

Prix,  14  frs.  ; poids,  l£  kilo. 


CULBRETH  — A Manual  of  Materia  Medica  and 

Pharmacology.  Comprising  all  Organic  and  Inorganic  Drugs  which  are 
and  have  been  Official  in  the  United  States  Pharmacopoeia,  together  with 
Important  Allied  Species  and  Useful  Synthetics,  Especially  Designed  for 
Students  of  Pharmacy  and  Medicine,  as  well  as  for  Druggists,  Pharmacists, 
and  Physicians.  By  David  M.  R.  Culbreth,  Ph.G.,  M.D.,  Professor  of 
Botany,  Materia  Medica,  and  Pharmacognosy  in  the  Maryland  College  of 
Pharmacy;  Associate  Professor  of  Materia  Medica  and  Pharmacognosy  in 
the  University  of  Maryland  Medical  and  Dental  Schools. 

EXTRACTS  FROM  REVIEWS. 


“ The  work  is  valuable  as  a comprehensive  text-book  of  Materia  Medica  and  1 harmacy  , 
there  is  a useful  chapter  on  the  use  of  the  microscope  in  Materia  Medica.  . The  constitution 
of  organic  carbon  compounds  and  the  methods  of  their  chemical  preparation  are  given  very 
fully,  and  their  constitutions  are  illustrated  by  chemical  formula;  and  symbols.  The  book 
is  a valuable  work  of  reference.” — Lancet. 

“ Dr  Culbreth’s  work  is  really  a treatise  on  the  Materia  Medica  and  on  Pharmacognosy, 
and  taken  as  such  is  one  of  the  best  of  its  kind,  whether  regard  be  had  to  completeness, 
general  accuracy,  or  choice  of  material.’  British  Medical  Journal. 

“The  book  is  well  written  and  well  brought  out  and  illustrated,  and  contains  a vast 
amount  of  useful  and  accurate  information.”— Dublin  Journal  oj Medical  Science. 


Second  Edition,  enlarged  and  thoroughly  revised.  With  464  Illustrations  One  hand- 
some Royal  8vo.  volume  of  886  pages.  Price,  20s.  net.  Weight,  4 lbs.  Pnx. 
26  frs. ; poids,  2 kilos. 


Just  Ready.  Third  Edition. 

CUSHNY— A Text-Book  of  Pharmacology  and  Thera- 

peutics; or,  The  Action  of  Drugs  in  Health  and  Disease.  By 

Arthur  R.  Cushny,  M.A.,  M.D.  Aberdeen,  Professor  ,°f  Materi^n^*c“ 
and  Therapeutics  in  the  University  of  Michigan  ; formerly  hom^on  Fello 
in  the  University  of  Aberdeen  and  Assistant  in  the  Pharmacological  Institute 
of  the  University  of  Strassburg. 
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A Text-book  of  Pharmacology  and  Therapeutics — continued. 

PUBLISHER  S NOTE. 

The  consideration  of  the  reasons  underlying  drug  action  is  the  only  intelligent  and  easy 
method  to  grasp,  remember,  and  effectively  apply  knowledge  of  Therapeutics.  Dr.  Cushny’s 
work  covers  the  entire  held  of  modern  Therapeutics  from  this  standpoint,  and  it  is  an 
encouraging  indication  of  the  trend  of  modern  medicine  when  a book  like  this  is  so 
universally  welcomed  that  its  entire  first  edition  is  exhausted  in  one  year. 

The  new  edition  shows  careful  revision  to  bring  it  abreast  of  the  latest  advances,  and  an 
improved  typographical  arrangement  gives  room  for  the  consideration  of  new  preparations 
and  for  new  sections  on  alcohol,  salt-action,  and  other  subjects  of  growing  importance.  The 
volume  is  systematically  arranged,  and  its  clear,  concise  text  is  made  still  plainer  by 
excellent  illustrations. 

A full  index  and  sufficient  bibliography  complete  a work  of  the  utmost  value  to  everyone 
interested  in  the  use  of  medicines. 

EXTRACT  FROM  PREFACE. 

...  As  regards  the  scope  of  the  work,  I have  attempted  to  give  the  present  standpoint 
of  knowledge  of  such  bodies  as  are  of  therapeutic  or  toxicological  interest,  and  also  of 
those  which,  possessing  in  themselves  no  immediate  interest  in  practical  medicine,  have 
thrown  important  light  on  biological  problems,  and  are  accordingly  likely  to  be  referred  tc 
in  scientific  literature. 

. . . There  is  still  a tendency  even  among  the  educated  to  ascribe  therapeutic  virtues  to 
every  new  weed  and  every  new  product  of  chemical  industry,  and  the  teacher  of  pharma- 
cology must  not  only  point  out  the  good,  but  has  the  more  ungrateful  task  of  condemning 
the  worthless.  The  period  of  constructive  pharmacology  has  scarcely  dawned  ; at  present 
its  chief  function  is  destructive  and  critical. 

In  dealing  with  each  drug,  I have  attempted  to  unify  the  whole  action  by  using  the  most 
distinctive  feature  as  a centre  around  which  to  group  the  less  important  symptoms.  Where, 
as  is  often  the  case,  there  is  a divergence  of  views  among  authorities,  I have  generally 
presented  only  one  side  of  the  question,  except  in  very  important  subjects.  This 
dogmatic  method  has  of  course  its  drawbacks,  but  is,  I think,  preferable  to  involving  the 
student  in  a labyrinth  of  arguments  and  counter-arguments,  the  respective  weight  of  which 
he  is  quite  unable  to  estimate. 

The  preparations  enumerated  are  those  included  in  the  United  States  and  the  British 

Pharmacopoeias,  and  such  others  as  seemed  of  sufficient  importance.  I have  attempted 

tojndicateJ>£^sDecial_typeJsnmd^capitals)_tho^ 

EXTRACTS  FROM  REVIEWS  OF  PREVIOUS  EDITIONS. 

“ The  book  presents  in  a comparatively  small  compass  a full  account  of  the  present  state 
of  our  knowledge  of  pharmacology,  and  forms  a trustworthy  guide  to  therapeutics.” — 
British  Medical  Jourtial  (Review  of  First  Edition). 

“ The  book  is  evidently  the  outcome  of  considerable  original  research,  combined  with 
an  extensive  acquaintance  with  the  literature  of  the  subject,  and  will  take  front  rank 
amongst  systematic  works  on  pharmacology.” — Quarterly  Medical  Journal. 

One  Royal  8vo.  volume.  756  pages.  Illustrated  with  52  Engravings.  Price,  Cloth, 
17s.  6d.  net.  Weight,  5 lbs.  Prix,  21.60  frs. ; poids,  2j  kilos. 

fust  Issued. 

DaCOSTA — Clinical  Hematology.  A Practical  Guide  to 

the  Examination  of  the  Blood  with  Reference  to  the  Diagnosis  of  Disease. 
By  John  C.  DaCosta,  Jr.,  M.D.,  Assistant  Demonstrator  of  Clinical 
Medicine  in  the  Jefferson  Medical  College  of  Philadelphia;  Hematologist  to 
the  German  Hospital,  etc. 

EXTRACTS  FROM  REVIEWS. 

“ We  can  cordially  recommend  this  book  to  those  who  desire  information  on  a branch 
of  medical  science  which  is  at  present  not  widely  known,  but  which  promises  to  be  much 
more  prominent  in  the  near  future  than  it  has  been  in  the  past.” — Lancet. 

“The  book  deals  not  only  with  diseases  of  the  blood,  but  includes  general  hiematology. 
Information  of  a practical  and  useful  character  is  given  respecting  bronchitis,  influenza, 
diphtheria,  diabetes  mellitus,  enteric  fever,  gastric  ulcer,  gout,  and  other  common  com- 
plaints. The  differential  tables  are  excellent,  and  from  a clinical  point  of  view  are  of  the 
greatest  value  in  diagnosis.  Taking  it  on  the  whole,  we  have  no  hesitation  in  saying  that 
it  is  the  best  work  on  clinical  hiematology  in  the  English  language.” — Medical  Press. 
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Clinical  Hematology — continued. 

“ The  arrangement  of  the  matter  is  excellent,  and  there  are  good  indexes  of  subjects  and 
of  authors.  The  letterpress  is  admirably  illustrated  by  eight  coloured  plates,  three  charts, 
and  forty-eight  figures  in  the  text.  The  book  is  handsomely  printed  and  bound.  On  the 
whole,  it  is  a work  which  we  can  most  cordially  recommend  to  our  readers  as  one  of  the 
best  of  the  many  which  have  recently  appeared  on  the  subject  of  Clinical  Hematology.” 
— Dublin  Journal. 


One  handsome  8vo.  volume  of  474  pp.  Containing  8 full-page  coloured  Plates, 
3 Charts,  and  48  other  Illustrations.  Price,  hound  in  half-Persia,  gilt  top,  22s.  6d. 
Weight,  31  lbs.  Prix,  29  frs. ; poids,  1-76  kilos. 


DAVIS— Dietotherapy.  Food  in  Health  and  Disease.  See 

Cohen,  Physiologic  Therapeutics,  page  5. 


DEAVER — A Treatise  on  Appendicitis.  By  John  B. 

Deaver,  M.D.,  Surgeon-in-Chief  to  the  German  Hospital,  Philadelphia, 
Assistant  Professor  of  Applied  Anatomy,  University  of  Pennsylvania.  Second 
Edition,  thoroughly  revised  and  considerably  enlarged.  A Systematic  Trea- 
tise on  its  History,  Anatomy,  Etiology,  Pathology,  Symptoms,  Diagnosis, 

Prognosis,  Treatment,  Complications,  and  Sequelae. 

« 

EXTRACTS  FROM  REVIEWS. 

“ In  the  new  edition  of  his  treatise  on  Appendicitis,  Dr.  Deaver  has  added  considerably 
to  the  original  form  of  the  work,  and  given  much  fresh  information.  The  book  may, 
indeed,  be  regarded  as  quite  new.  Every  chapter,  it  is  stated  in  the  preface,  has  been 
carefully  revised.  The  additional  matter  includes  an  excellent  chapter  on  the  pathology 
of  Appendicitis  by  Dr.  A.  O.  Kelly,  and  among  the  illustrations  is  a series  of  clear  plates 
showing  the  microscopic  lesions  in  the  different  varieties  of  the  disease.” — British  Medical 
Journal. 

“ The  fact  that  the  second  edition  has  been  called  for  only  four  years  after  the  appear- 
ance of  the  first  bears  ample  testimony  to  the  esteem  in  which  the  book  is  held  by  the  pro- 
fession. The  book  is  virtually  rewritten  ; one  of  its  most  noteworthy  features  is  an 
entirely  new  chapter  on  the  pathology  of  the  disease  by  Dr.  A.  O.  J.  Kelly,  Director  of 
the  Pathological  Institute  of  the  German  Hospital.  The  work  opens  with  a carefully- 
written  and  beautifully-illustrated  chapter  on  the  anatomy  of  the  appendix.  The  patho- 
logy' is  discussed  under  the  following  heads  : (t)  The  Lesions  of  the  Appendix  ; (2)  The 
Peritonitis  and  its  Consequences  ; (3)  The  Bacteriology  ; (4)  The  Pathogenesis.  Nothing 
could  be  more  complete  than  the  manner  in  which  each  of  these  heads  is  treated.” — 
Dublin  Journal  of  Medical  Science. 

“ The  second  edition  of  this  comprehensive  treatise  on  Appendicitis  has  been  greatly- 
enlarged,  chiefly  by  the  addition  of  an  exhaustive  chapter  on  the  pathology  of  the  con- 
dition, extending  to  some  120  pages,  from  the  pen  of  Dr.  A.  O.  J.  Kelly,  Director  of  the 
Pathological  Institute  of  the  German  Hospital,  Philadelphia.  This  is  indeed  a notable 
contribution  to  the  literature  of  Appendicitis,  and  is  divided  into  four  sections,  viz.  : 
(1)  The  Lesions  of  the  Appendix  ; (2)  The  Peritonitis  and  its  Consequences;  (3)  The 
Bacteriology  ; and  (4)  The  Pathogenesis.  The  plates  add  very  materially  to  the  value  of 
the  work.  The  chapters  on  diagnosis,  differential  diagnosis,  prognosis,  and  treatment  are 
all  good,  but  the  feature  of  the  present  edition  is  the  chapter  on  pathology,  which  every 
practitioner  should  study.  The  whole  work  is  a most  valuable  one,  and  we  heartily  recom- 
mend it.” — Glasgow  Medical  Journal. 

One  handsome  Royal  8vo.  volume,  with  22  Plates,  10  of  which  are  coloured,  drawn 
specially  for  this  Work.  Second  Edition,  revised  and  rewritten.  Price,  Cloth, 
16s.  net.  Weight,  3J  lbs.  Prix,  19.60  frs. ; poids,  2 kilos. 
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I)  PAVER’S  SURGICAL  ANATOMY.  AN  ENTIRELY  NEW 
AND  IMPORTANT  WORM.  ON  SURGICAL  ANATOMY. 
LN  THREE  VOLUMES.  JUST  COMPLETED. 

DEAVER  — Surgical  Anatomy.  A Treatise  on  Human 

Anatomy  in  its  Application  to  the  Practice  of  Medicine  and  Surgery.  By 
John  B.  Deaver,  M.D.,  Surgeon-in-Chief  to  the  German  Hospital,  Phila- 
delphia, Assistant  Professor  of  Applied  Anatomy,  University  of  Pennsylvania. 

IN  THREE  HANDSOME  SQUARE  8vo.  VOLUMES  COMPRISING 

2,166  PAGES.  PRICE  COMPLETE,  £6  6s.  NET. 

Illustrated  by  499  Plates,  nearly  all  drawn  for  this  work  from  original  dissections.  Bound 
in  half- Persia  leather,  gilt  top. 


Ai>T3^c>XT3xroEs»a:Ei3\rT. 

The  Illustrations  in  this  work  are  all  original,  and  have  been  made  by  special  artists 
direct  from  dissections  made  for  this  purpose,  with  the  exception  of  a few  made  from 
preparations  in  the  possession  of  the  Author  and  from  the  model  depicting  Surface 
Anatomy.  They  form  a unique  series  that  has  no  counterpart  in  any  other  work.  They 
are  exact  and  clear  in  detail,  and  depict  the  anatomy  of  the  human  body  as  it  is  studied 
from  the  standpoint  of  the  surgeon.  The  text  is  sharp,  concise  and  accurate,  and  repre- 
sents many  years  of  the  Author’s  practical  work  in  the  dissecting-room  as  a teacher  of 
Applied  Anatomy,  and  as  an  operating  surgeon  of  wide  experience. 

The  volumes  throughout,  both  in  text  and  illustration,  present  each  subject  in  a manner 
unmistakably  clear.  No  series  of  anatomical  illustrations  has  ever  been  made  which 
approaches  in  accuracy  or  fineness  of  execution  the  original  plates  of  this  work.  It  is 
original  in  its  conception  and  unequalled  in  the  manner  of  its  publication. 


OUTLINE  SYNOPSIS  OF  CONTENTS. 

Regions  considered  : Upper  Extremity — Back  of  Neck,  Shoulder  and  Trunk — Cranium 
— Scalp — Face. 

Both  in  its  text  and  illustrations  this  volume  has  equalled  every  expectation. 

The  purpose  to  publish  a work  which  makes  the  study  of  Applied  Anatomy  easy,  interest- 
ing and  of  greatest  usefulness  to  the  practicing  Physician  and  Surgeon  has  been  unquestion- 
ably attained. 


Volume  II.  includes  170  full-page  Plates. 

The  regions  described  are  : Neck — Mouth — Pharynx — Larynx — Nose — Orbit — Eyeball 
— Organ  of  Hearing — Brain — Female  Perineum — Male  Perineum. 

These  subjects  aie  of  even  greater  general  interest  than  those  included  in  Volume  I.,  and 
offer  larger  opportunity  for  finer  illustration. 

The  section  describing  the  Neck  contains  . 

The  chapters  upon  the  Mouth,  Pharynx,  Larynx,  Nose  contain 
,,  ,,  Orbit  and  Eye  contain 

,,  ,,  Ear  contain 

,,  „ Brain  contain 

,,  ,,  Perineum  contain  , 

This  volume  is  of  the  greatest  value  to  the  Laryngologist,  Oculist,  and  all  engaged  in 
special  work.  It  is  of  equal  worth  to  the  General  Practitioner,  in  that  it  includes  the 
Surgical  Anatomy  of  all  the  Organs  of  Special  Sense. 


40  full -page  Plates. 

30 
20 
14 

31 
19 


Volume  III.,  just  published,  contains  178  full-page  Plates. 

The  regions  described  are  : Abdominal  Wall — Abdominal  Cavity — Pelvic  Cavity — Chest 
— Lower  Extremity. 


AN  EARLY  REVIEW  FROM  A LEADING  MEDICAL  JOURNAL. 

“The  plates  are  artistic,  and,  having  all  been  made  from  actual  dissections,  are  true. 
In  this  connection,  we  hardly  know  which  to  admire  the  most — the  skill  and  faithfulness 
of  the  dissection,  or  the  art  and  exactitude  of  the  artist. 

“ But  to  refer  to  the  text,  which,  as  we  have  already  intimated,  is  far  from  being 
secondary  to  the  illustrations.  It  is  full  of  valuable  suggestions  to  the  surgeon  more 
especially,  but  almost  equally  so  to  the  general  practitioner.  This  work  is  not  an 


lO 


MEDICAL , SVRGICAL,  AND  HYGIENIC  IVOflA'S 


Surgical  Anatomy — continued. 

Anatomy  proper,  hut  is  full  of  references  of  a useful  and  practical  character  wherein  the 
anatomy  of  relations  plays  a great  part.  The  relations  of  structures  are  shown  in  a 
manner  so  plain,  and  illustrated  by  a method  so  graphic,  that  their  study  is  equal  to  that 
made  upon  a cadaver,  an  advantage  which  those  who  cannot  obtain  the  facilities  of 
hospitals  or  dissecting-rooms  will  readily  appreciate.  Such  points  as  the  proper  lines  of 
incisions  in  operations,  more  especially  ligations  of  the  arteries  or  the  stretching  of 
nerves,  cannot  fail  but  impress  the  reader.  The  relations  of  the  arteries,  nerves  and 
veins  to  the  structures  are  also  given  in  a very  clear  manner.  In  the  dissections  of 
amputations,  illustrations  of  the  cross-sections  of  the  portions  cut,  are  given,  and  the  points 
at  which  the  cuts  should  be  made  are  shown  upon  accompanying  diagrams.” 

The  British  Medical  Journal,  in  reviewing  Vol  I.,  says  : 

“The  author  is,  both  as  a surgeon  and  as  an  anatomist,  abundantly  qualified  for  the  task 
he  has  undertaken.  In  every  sense  the  work  is  elaborate.  . . . Taken  as  a whole  the 
volume  is  a piece  of  sincere  and  honest  workmanship  of  which  Dr.  Deaver  may  justly.be 
proud.  . . . The  illustrations  are  remarkable  for  their  artistic  merits  and  their  general 
accuracy. 

“ No  expense  has  been  spared,  no  labour  has  been  thought  too  great  or  too  tedious,  in 
an  attempt  to  reach  perfection  in  all  essentials.  The  binding,  the  paper,  the  print,  and  the 
illustrations,  considered  as  works  of  art,  are  all  that  can  be  desired.” 

Price  complete,  £6  6s.  Net  weight  of  work  complete,  26  lbs.  Prix,  169.75  frs. ; 

poids,  13  kilos. 

DERCUM— Rest — Mental  Therapeutics— Suggestion. 

See  Cohen,  Physiologic  Therapeutics,  page  5. 

NEW  EDITION,  WITH  AN  APPENDIX.  COMPLETELY 
REVISED.  THOROUGHLY  UP-TO-DATE.  ACCURATE, 
FULL  AND  CLEAR.  WITH  COLOURED  PLATES. 

DUANE— Medical  Dictionary.  A Dictionary  of  Medicine 

and  the  Allied  Sciences.  Comprising  the  Pronunciation,  Derivation  and 
full  Explanation  of  Medical,  Pharmaceutical,  Dental  and  Veterinary  Terms  ; 
together  with  much  collateral  descriptive  matter,  numerous  tables,  etc.  By 
Alexander  Duane,  M.D.,  Assistant  Surgeon  to  the  New  York  Ophthalmic 
and  Aural  Institute;  Reviser  of  Medical  Terms  for  Webster’s  International 
Dictionary. 

Specla.1  Features. 

Definitions  in  Duane 

Are  “circular”— that  is,  all  around  a subject  in  the  shortest  way.  They  are  comprehen- 
sive, comprehensible,  in  neither  too  few  words  nor  too  many,  thus  allowing  space  for  a very 
full  vocabulary.  They  do  not  “explain”  by  synonyms  which  in  turn  must  be  defined. 

Pronunciation  in  Duane 

A very  important  matter.  Given  by  a simple  and  obvious  phonetic  system,  without  com- 
plicated signs. 

Derivations  in  Duane 

Render  memorizing  easy,  and  enable  the  reader  to  understand  new  words  without  looking 
them  up.  Greek  words  are  given  in  English  letters. 

Completeness  of  Duane 

Covers  Medicine,  Pharmacy,  Dentistry,  and  Veterinary  Science  completely,  except  obsolete 
and  mere  “dictionary”  words.  Thoroughly  modern  and  the  latest  extant,  abounds  in 
useful  tables  and  practical  information,  dosage  and  uses  of  drugs  for  instance.  Everything 
accurate  and  authoritative. 

Practitioners  and  students  will  find  in  piJANK’s_M_RDiCAL_DlCTiONARY^sufficient^ 
authority  as  final. 

EXTRACTS  FROM  REVIEWS. 

“ Should  be  found  on  every  consulting-room  table." — Birmingham  Medical  Review. 

“ We  have  pleasure  in  commending  the  work  as  a useful,  satisfactory,  and  evidently 
carefully-prepared  dictionary.” — Scottish  Medical  and  Surgical  Journal. 

“ We  have  consulted  this  dictionary  on  questions  new  and  old,  and  it  has  answered  every 
one — and  in  each  case  in  language  of  peculiar  conciseness  and  lucidity.  We  unhesitatingly 
declare  this  dictionary  to  be  the  one  which  approaches  our  ideal  most  closely.  — I ut  lin 
Journal  of  Medical  Science. 
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[Specimen  Page  of  Duane's  Dictionary.) 
HYDROMYELIA  2T0  HYDROSTAT 


Hydrotnyella  (-mey-ec'lee-ah),  Hydfomye- 
lus  (-mey'e-lus).  [Gr.  muelos,  marrow.)  Dila- 
tation of  the  central  canal  of  the  spinal  coni, 
leading  to  the  formation  of  cavities  in  the  latter; 
either  congenital  or  due  to  pressure  by  a tumor. 
It.  is  distinguished  from  syringomyelia  by  the 
absence  of  gliosis. 

Hydromyelocele  ( -mey'el-oh-seel  ).  [Gr. 

muelos,  marrow,  t -celt  (1).]  Syringomyelo- 
cele. 

Hydronaphthol  (-naf  thol).  [ Hydro - (2)  + 
naphthol. ] A derivative  of  heta-naphthol. 

Given  in  typhoid  fever:  dose,  3-4  gr.  (gm. 
0.20-0.25) ; used  in  1 • 1000  aqueous  solution  as 
an  antiseptic  f<g  instruments  in  operations. 

Hydronephrosis  ( -nee - froh'sis  ).  [Gr. 

n ephros.  kidney,  - •osi.t.]  A condition  in 
which,  owing  to  obstruction  of  the  urinary 
passages,  urine  accumulates  in  the  pelvis  of 
the  kidney  and  causes  distention  and  atrophy 
of  the  organ,  so  as  to  convert  it  ultimately  into 
a great  cyst.  Hence,  Hydronephrot'ic,  of, 
pertaining  to.  or  affected  with  h 

Hydrop'athy.  [-patliy.]  The  application 
of  water  to  the  cure  of  disease  ; particularly, 
a system  of  treatment  which  aims  to  cure  all 
diseases  by  the  application  of  water  ; the  water- 
cure.  The  means  employed  in  h.  are  hot  and 
cold  baths  (general  and  local),  douches,  wet 
sheets  wrapped  round  the  body  (hot  and  cold 
pack ),  and  the  copious  use  of  water  internally. 
Hence,  Hydropath'ic,  of,  pertaining  to,  or 
carried  on  by  means  of  li  , Hydrop'athist,  one 
who  practices  h 

Hydropericar'dlum.  Accumulation  of  ser- 
ous liquid  in  the  pericardial  cavity 

Hydroperitoneum  ( per"ee-toh  - nee’um). 
[Peritoneum.]  Ascites. 

Hydrophilous  (hey-drof'ee-lus).  [Gr  phi- 
Item,  to  love.)  Bibulous  ; hygroscopic. 

Hydrophobia  (-foh'bee-ah).  [Gr.  phobos, 
fear.)  Literally,  a dread  of  water  ; a convul- 
sive disease  communicated  by  inoculation 
with  the  saliva  or  morbid  tissues  of  animals 
suffering  from  the  same  disease  ; rabies.  The 
period  of  incubation  varies  from  12  days  to  a 
year  or  more.  The  attack  is  ushered  in  by 
malaise,  mental  depression,  and  a sense  of 
choking  or  catching  the  breath  ; followed  by 
severe  and  increasing  tetanic  spasms,  atTect- 
ing  first  the  muscles  of  deglutition  and 
respiration,  and  afterward  all  the  muscles. 
The  spasms  are  evoked  by  very  slight 
stimuli  (contact  of  water  with  the  lips  or  of 
moving  air  with  the  skin).  Other  symptoms 
usually  present  are  mental  derangement  often 
amounting  to  maniacal  excitement,  fever, 
vomit  ing,  the  discharge  of  an  abundant  viscid 
saliva,  and  albuminuria.  Death  occurs  usu- 
ally in  2 to  4 clays.  Certain  cases,  occurring 
especially  in  those  inoculated  for  the  cure  of 
h.,  have  paralytic  symptoms  resembling  those 
of  acute  ascending  paralysis  (Paralyt'ic  h.  or 
paralytic  rabies).  Attempts  at  prophylaxis 
of  h . by  injecting  a weakened  virus  or  portions 
of  spinal  cord  of  animals  affected  with  h. 
have  been  made. 


Hydrophobic  ( fob'ik).  Of  or  pertaining  to 
hydrophobia.  H.  tet'anus,  see  Tetanus. 

Hydfophobophobla  (-fob"  oh-foh'  hee-ah). 
[Gr.  phobos,  fear.)  1.  Excessive  dread  of 
hydrophobia.  2.  Lyssophopia. 

Hydrophthalmia  (-drof-tlml'mee-ah),  Hy- 
drophthalmu8(-drof-thal'mus).  [Gr.  ophthal- 
mos,  eye.)  Dropsy  of  the  eye  ; a condition  in 
which  the  eye,  owing  to  the  accumulation  of 
a watery  effusion  within  it  and  the  yielding 
nature  of  its  coats,  becomes  greatly  distended. 
II.  may  affect  the  anterior  segment  of  the  eye- 
ball (H.  anterior,  producing  keratoglobus), 
the  posterior  section  behind  the  lens  (H.  pos- 
terior), or  the  whole  eye  (H.  tota'lis  or  simply 
H.;  see  Buphtha louts). 

Hydropic  (hey-drop'-ik).  Dropsical.  H. 
degeneration,  see  Degeneration. 

Hydropneumatosis(-new" ina-toh'sis).  [Gr. 
pneuma,  air.  - -osij.]  The  accumulation  of 
serum  and  air  or  other  gas  in  an  organ. 

Hydropneumopericardium  (-new"'moh- 
per"ee-kahr'dee-um).  [Gr.  pneuma,  air,  - 
pericardium.]  The  accumulation  of  gas  and 
serous  fluid  in  the  pericardial  cavity. 

Hydropneumothorax  (-new"raoh-thoh- 
raks).  I’neumo-hvdrothorax. 

Hydrops  PI.  hvdro'pes.  [Gr.,  fr  hudor, 
water.)  See  Dropsy. 

Hydroquinone  (-kwin'ohn).  [I,,  hydro- 
quinb'  num,  Itydrochino' num  = hydro-  (2)  + 
qieinone.]  A crystalline  substance,  CeflsOa  = 
Cr.HitOH)?,  isomeric  with  resorcin  and  pyro- 
catechin.  Antipyretic  in  doses  of  15  gr.  (gm. 
1);  used  in  tuberculosis,  erysipelas,  pneumo- 
nia, and  typhoid  fever. 

Hydro-rheostat  ( -ree'  oh-stat ) . S ee  Rheostat. 

Hydrorrhachis  ( hev-dror'ra-kis ).  [Gr. 
rhachis,  spine.)  Accumulation  of  fluid  in  or 
upon  the  spinal  cord  ; especially,  spina  bifida 
(II.  cjeler'na,  Hydrorrhachi'tis) . H.  interna, 
hydromyelia  and  syringomyelia. 

Hydrorrhcea  (-ree'ali).  [-rheea.]  A flow 
of  watery  liquid;  as  H.  gravida'rum,  a flow 
of  serous  liquid  from  the  pregnant  uterus. 

Hydrosal'pinx.  [Gr.  salpigx,  trumpet.) 
The  accumulation  of  watery  liquid  in  the 
Falloppian  tube. 

Hydrosarcocele  (-sahr'koh-seel).  Combined 
hydrocele  and  sarcoeele. 

Hydrosls  (hey-droh'sis).  See  Ilidrosis. 

Hydrosphygmograph  ( -sfig'moh-grscf  ). 
[Sphygmograph.]  An  instrument  in  which 
the  variations  of  the  pulse  and  of  vascular  vol- 
ume in  general  are  indicated  by  the  variations 
in  the  volume  of  a column  of  water  surround- 
ing the  part  examined. 

Hydrospirometer  ( -spey-rom’ee-tur  ).  A 
spirometer  in  which  the  force  of  expiration  is 
measured  by  the  height  to  which  a column  of 
wafer  is  driven  by  it. 

Hy'drostat.  [Gr.  histanai,  to  set  in  place.) 
An  apparatus  for  keeping  the  fluid  of  a battery 
from  spilling  when  transported. 


In  one  Medium  8vo.  volume  of  656  pages,  with  8 full-page  coloured  plates.  Bound 
in  buckram.  Price  14s.  net.  Weight,  3A  lbs.  Prix.  17  frs.  ; poids,  if  kilos. 

Far  sale  by  all  dealers  in  medical  books,  or  sent  carriage  paid  to  any  address  on  receipt 

of  price. 
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DUNHAM— Normal  Histology.  A Manual  of  Normal 

Histology.  By  Edward  K.  Dunham,  M.D.,  Professor  of  General  Path- 
ology, Bacteriology,  and  Hygiene  in  the  University  and  Bellevue  Hospital 
Medical  College,  New  York. 


Responding  to  many  requests  for  a separate  volume  on  Normal  Histology,  Professor 
Dunham  has  revised  the  first  part  of  his  “Normal  and  Pathological,’’ adding  the  new 
developments  in  the  brief  period  since  the  original  issue,  and  has  appended  the  chapter  on 
Technique.  It  is,  therefore,  complete  in  itself  as  a text-book  and  laboratory  manual.  It 
is  profusely  illustrated. 


EXTRACTS  FROM  REVIEWS. 

“A  valuable  feature  of  this  text-book  from  the  student’s  point  of  view  is  that  histology 
is  looked  at  as  much  from  the  physiological  as  from  the  anatomical  aspect.  The  work  will 
certainly  find  favour  with  all  histologists  who  examine  it.”—  Glasgow  Aledical  Journal. 

“ There  can  be  no  doubt  that  the  author  has  taken  great  care  in  selecting  and  arranging 
his  material  with  the  result  that  his  book  may  be  used  as  a reliable  one  in  normal 
histology.” — Edinburgh  Medical  Journal. 

In  one  Royal  8vo.  volume  of  319  pages,  with  244  Illustrations.  Price,  Cloth,  12s.  net. 
Weight,  2k  lbs.  Prix,  14.40  frs. ; poids,  lj  kilos. 


In  Preparation. 

EDGAR— Text- Book  of  Obstetrics.  By  J,  Clifton  Edgar, 

M.D.,  Professor  of  Obstetrics  Medical  Department  of  Cornell  University, 
New  York  City  ; Physician  to  Mothers’  and  Babies’  Hospital,  and  to  the 
Emergency  Hospital,  etc. 

*#*  This  will  form  a companion  volume  to  Montgomery’s  “ Gynecology,”  published 
by  Messrs.  Rebman.  It  will  be  a modern,  up-to-date  text-book,  designed  specially  for  the 
physician.  The  illustrations  will  form  a prominent  feature,  and  the  aim  of  author  and 
publisher  is  to  provide  a book  from  both  a scientific  and  typographical  point  of  view  that 
will  EXCEED  IN  PRACTICAL  VALUE  ANY  WORK  NOW  BEFORE  THE  PROFESSION. 

In  two  Royal  8vo.  volumes.  With  many  Illustrations,  a large  number  of  which 

are  original. 


Second  Edition.  Revised  and  enlarged. 


FREEMAN — The  Sanitation  of  British  T roops  in  India. 

Being  an  Outline  of  Indian  Military  Hygiene.  By  Major  E.  Carrick 
Freeman,  R.*A.M.C. 

EXTRACTS  FROM  REVIEWS  OF  FIRST  EDITION. 

“ This  excellent  and  unpretentious  little  book  may  be  commended  to  all  Indo- 
Europeans,  whether  civil  or  military.  It  will  prove  useful  and  instructive  to  all  Europeans 
in  India,  since  it  sets  forth  in  untechnical  language  the  broad  principles  of  sanitation  in 
that  country.” — British  Medical  Journal. 

“ The  subject  is  well  thought  out,  and  is  expressed  in  not  too  technical  language.” — 
Practitioner. 

“The  book  . . . fills  a want  and  is  a welcome  addition  to  the  literature  of  military 
hygiene.” — Indian  Medical  Record. 

“ Medical  men  going  out  to  India  will  find  Captain  Freeman’s  book  of  much  use  to 
them,  and  we  would  also  recommend  it  as  a most  suitable  guide  for  civilians  who  have  to 
sojourn  there.” — Public  Health. 
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The  Sanitation  of  British  Troops  in  India — continued. 

“ . . . Captain  Freeman  intends  his  little  book  to  be  generally  an  assistance  to  the 
newly-arrived  medical  officer  in  India,  but  it  deserves  a wider  circle  of  readers  among  those 
who  are  interested  in  our  soldiers,  and  also  amongst  soldiers  themselves,  as  showing  the 
sanitary  and  medical  care  which  is  now  taken  throughout  British  India  of  those  serving 
there.  . . — Broad  Arrow. 

One  neat  Crown  8vo.  volume  of  128  pages.  Price,  Cloth,  2s.  6d.  net.  Weight,  £ lb. 

Prix,  3 frs. ; poids,  0.226  kilo. 


Just  Ready. 

FRENKEL— Treatment  of  Locomotor-Ataxia  by  the 

Aid  of  Gymnastic  Exercise.  By  H.  S.  Frenkel,  M.D.,  Dirig.  Arzt 
des  Kurhauses  “ Freihof  ” in  Heiden  (Switzerland.)  Only  authorized  trans- 
lation from  the  first  German  edition  by  Ludwig  Freyberger,  M.D.  Vienna. 
M.R.C.P.  Lond.,  M.R.C.S.  Eng.,  etc. ; Hon.  Physician,  St.  Pancras  and 
Northern  Dispensary;  Curator  of  the  Museum,  Pathologist,  and  Registrar, 
Great  Northern  Central  Hospital,  London ; late  Clinical  Assistant,  Hospital 
for  Sick  Children,  Great  Ormond  Street. 

EXTRACTS  FROM  REVIEWS. 

“ Dr.  Freyberger’s  translation  and  adaptation  to  the  original  has  been  very  well  done. 
He  states  in  his  preface  that  the  book  is  rather  to  be  looked  upon  as  an  adaptation  of 
Dr.  Frenkel’s  monograph  to  the  requirements  of  the  medical  practitioner  than  as  an  actual 
translation.  In  general  the  wording  is  admirably  clear  and  the  style  interesting  and  easy 
to  follow.” — Birmingham  Medical  Review. 

“The  special  section  of  the  book  is  devoted  to  the  exercise  treatment.  The  various 
exercises  are  described  in  great  detail,  and  very  numerous  illustrations  are  given  showing 
the  methods  in  which  the  exercises  should  be  performed.  The  illustrations  are  excellent ; 
they  are  132  in  number,  and  most  of  them  are  reproduced  from  the  actual  photographs  of 
patients  carrying  out  the  movements,  etc.  We  can  recommend  the  book  in  the  strongest 
terms  to  all  medical  men  who  wish  to  carefully  study  Frenkel’s  method  of  treatment  for 
the  ataxia  of  tabes." — Medical  Chronicle. 

“ It  is  a valuable  addition  to  the  literature  of  physical  therapeutics,  and  must  be 
especially  welcome  to  those  who  are  not  familiar  with  the  German  original.  Although  a 
translation  of  Frenkel’s  book,  it  has  been  so  carefully  and  judiciously  edited  that  everything 
too  theoretical  or  controversial  is  omitted.” — -Journal  of  Physical  Therapeutics. 


One  handsome  Demy  8vo.  volume.  With  132  Illustrations  in  the  text.  Price, 
12s.  6d.  net.  Weight,  2 lbs.  Prix,  15.76  frs. ; poids,  1 kilo. 


THIRD,  REVISED,  AND  ENLARGED  EDITION,  INCLUDING 
AN  APPENDIX  ON  “ POISONS , THEIR  SYMPTOMS  AND 
TREATMENT.” 


FREYBERGER — The  Pocket  Formulary  for  the  Treat- 
ment of  Disease  in  Children.  By  Ludwig  Freyberger,  M.D.  Vienna, 
M.R.C.P.  Lond.,  M.R.C.S.  Eng.,  etc.  ; Hon.  Physician,  St.  Pancras  and 
Northern  Dispensary;  Curator  of  the  Museum,  Pathologist,  and  Registrar, 
Great  Northern  Central  Hospital,  London ; late  Clinical  Assistant,  Hospital 
for  Sick  Children,  Great  Ormond  Street. 
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[Specimen  Page  of  Freyberger’s  “Pocket  Formulary.”] 

184  Vasogenum — Vasogenum  cum  Iodo. 


Vasogenum.  Oxygenated  vaseline.  Vasogen. 

Properties.  Slightly  alkaline,  yellowish-brown,  viscid  fluid, 
with  a peculiar  but  not  disagreeable  taste  and 
odour  ; forms  a perfect  emulsion  when  shaken  up 
with  water. 

Use.  Used  internally  as  a vehicle  for  iodine; 

externally  as  a convenient  non-irritant  base 
for  ointments.  Preferable  to  vaseline. 

Vasogenum  cum  Iehthyolo. 

A 10  per  cent,  solution  of  ammonium  sulpho- 
ichthyolas  in  vasogen. 

Used  externally  as  a detergent  and  local 
derivative. 

Recommended  for  the  treatment  of  pericardial 
effusions,  chronic  rheumatism,  erysipelas,  chronic 
seborrhoic  eczema,  erythema  nodosum,  perniones, 
psoriasis,  favus,  acne. 

The  addition  of  ol.  citronellce  or  of  coumarine 
disguises  somewhat  the  offensive  bituminous 
smell  of  ichthyol. 

I£.  Vasogen.  c.  iehthyolo,  oz.  2. 

S. : To  be  applied  with  a camel’s- 
hair  brush  over  the  region  of 
the  heart  twice  daily  ; cover 
with  gutta-percha  tissue-paper. 
Pericardial  effusion. 

Vasogenum  cum  Iodo.  Iodvasogen. 

Properties.  A 6 per  cent,  solution  of  pure  iodine  in  vaso- 
gen. Taste  fatty  and  iodous. 

Use . Used  internally  as  an  expectorant  diu- 

retic and  alterative;  externally  as  a local 
absorbent. 

Therapeutics.  Recommended  for  the  treatment  of  chronic 
bronchitis  and  bronchiectasis,  pleurisy,  peri- 
carditis, enlarged  lymphatic  ganglia,  orchitis, 
epididymitis,  periostitis  and  goitre. 

Dose.  Internally : 

min.  2 to  4 three  times  a day  for  a child 
2 to  4 years  of  age  ; the  dose  slowly  to  be 
increased  to  min.  6 three  times  a day. 
min.  5 to  8 three  times  a day  for  a child 
4 to  8 years  old  ; slowly  increased  to 
min.  10  three  times  a day. 
min.  10  three  times  a day  for  older  children  ; 
slowly  increased  to  min.  15  three  times 
a day. 

Externally  : To  be  applied  with  a camel’s-hair 
brush  over  the  affected  part,  twice  daily. 


lYoperties. 

Use. 

Therapeutics. 

Correction  of 
Smell. 

Formula. 


EXTRACTS  FROM  REVIEWS  OF  PREVIOUS  EDITIONS. 

“ Dr.  I'reyberger  is  to  be  congratulated  on  the  accuracy  of  this  book,  in  which  we  have 
detected  no  errors  of  importance.  ...  A well-arranged  and  reliable  pharmacopeia  for 
the  treatment  of  children.” — British  Aledical  Journal. 

“Taking  the  work  as  a whole,  we  are  much  pleased  with  its  arrangement,  and  con- 
tents. ...  A reliable  and  convenient  formulary  for  use  in  children’s  diseases.  Dublin 
Journal  of  Medical  Science. 

“ A handsomely  and  artistically  got  up  little  work  ."—Quarterly  Medical  Journal. 

“.  . . It  contains  a very  large  amount  of  information  of  daily  utility  and  importance. 
— Hospital. 

“ . . .A  safe  guide  for  the  busy  practitioner.” — Philadelphia  Medical  Journal. 


PUBLISHED  BY  REBMAN,  LIMITED. 


•5 


The  Pocket  Formulary  for  the  Treatment  of  Disease  in  Children 

— continued. 

“ . . . This  is  but  a little  book,  but  it  is  good  and  contains  a very  large  amount  of  infor- 
mation of  daily  utility  and  importance.” — Hospital. 

“ . . . This  book  is,  as  far  as  we  know,  unique  in  supplying  a complete  account  of  the 
modification  required  in  the  drug  treatment  of  children.  . . — ■Treatment. 

“ The  author  has  spared  no  pains  to  make  his  work  as  complete  as  possible,  and  the  busy 
practitioner  will  find  in  it  most  valuable  aids  in  the  treatment  of  his  little  patients.  . . 
Lancet. 

“ . . . The  book  is  thoroughly  practical.  . . — Chemist  and  Druggist. 

In  one  neat  Foolscap  8vo.  volume  of  xvi  + 260  pages.  Full  flexible  Leather  Binding 
(suitable  for  pocket).  Price  7s.  6d.  net.  Weight,  3 lb.  Prix,  9.50  frs. ; poids,  0.336  kilo. 


GORDINIER — The  Gross  and  Minute  Anatomy  of  the 

Central  Nervous  System.  By  H.  C.  Gordinier,  M.D.,  Professor  of 
Physiology  and  of  the  Anatomy  of  the  Nervous  System  in  the  Albany 
Medical  College,  New  York. 

Announcement. 


No  class  of  diseases  presents  greater  or  more  varied  difficulties,  both  in  diagnosis  and 
treatment,  than  diseases  of  the  Nervous  System.  In  none  is  there  greater  necessity  for  the 
Anatomic  knowledge  which  is  the  basis  of  explanation  of  many  disease  symptoms. 

Despite  these  facts,  there  has  been  for  many  years  no  so  complete  book  upon  this 
subject.  The  few  available  have  been  incomplete,  inadequately  illustrated  and  old.  For 
modern  and  accurate  description,  the  practitioner  has  had  no  reference-book  other  than 
the  general  text-books  of  Anatomy,  in  which  of  necessity  treatment  of  this  special  subject 
is  brief,  and  in  which  the  Minute  Anatomy,  to  the  neurologist  the  subject  of  highest 
importance,  is  almost  entirely  omitted.  Dr.  Gordinier’s  work,  therefore,  is  designed  to 
meet  a demand  which  is  universally  recognised. 

The  author  is  especially  well  prepared  for  his  work.  He  has  been  a pupil  of  Chiari, 
Nothnagel,  Leyden,  Starr,  Mendel,  and  other  great  masters,  and  his  book  represents  the 
fruits  of  years  of  assiduous  study  and  teaching.  It  contains  the  characteristics  so  desirable 
— clearness  of  style  and  profuseness  of  explanatory  illustrations. 

The  illustrations,  of  which  there  are  223  besides  the  48  full-page  plates,  are  largely  from 
the  author’s  own  preparations.  They  have  been  reproduced  in  the  very  best  manner,  the 
publisher’s  aim  being  to  give  results  that  are  scientifically  correct  and  at  the  same  time 
pleasing  to  the  eye.  To  effect  contrast  and  bring  out  details  more  perfectly,  many  of  the 
plates  are  printed  in  colours.  When  thought  necessary,  illustrations  have  also  been 
borrowed  from  the  works  of  Cajal,  Edinger,  Flatau,  Dejerine,  His,  Koelliker,  Lenhossek, 
Retzius,  Starr,  Van  Gehuchten,  Wernicke,  and  others.  These  have  been  generally 
remade  to  harmonise  with  the  general  style  adopted  for  the  work.  In  some  cases  they 
have  been  improved  in  certain  details  that  the  originals  failed  to  make  clear. 

The  typography  and  paper  used  in  the  printing  are  of  the  best,  and  the  publishers  have 
spared  no  cost  to  have  the  mechanical  make-up  correspond  with  the  superlative  scientific 
worth  of  the  text. 
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XIII. 

XIV. 


SYNOPSIS  OF  CONTENTS. 

The  Histologic  Elements  of  the  Nervous  System.  Thirty-five  Illustra- 
tions. 

The  Spinal  Cord.  Thirty  Illustrations. 

The  Medulla  Oblongata.  Twenty-seven  Illustrations. 

The  Cerebellum.  Twelve  Illustrations. 

The  Mid-Brain.  Nineteen  Illustrations. 

The  Region  of  the  Third  Ventricle.  Eighteen  Illustrations. 

The  Membranes  of  the  Brain.  Five  Illustrations. 

The  Cerebrum  (Fore-Brain,  or  Prosencephalon).  Fifteen  Illustrations. 
The  Histology  of  the  Cerebral  Cortex,  Cerebrum  Ovale  and  association, 
Commissural  and  Projection  Systems  of  Fibres.  Twenty-eight 
Illustrations.  LFourleen  Illustrations. 

The  General  Anatomy  of  the  Interior  of  'the  Cerebral  Hemispheres. 
The  Circulation  of  the  Brain.  Sixteen  Illustrations. 

Localization.  Nineteen  Illustrations. 

The  Embryology  of  the  Nervous  System.  Thirty-four  Illustrations. 
Technic  of  the  Microscopic  Examination  of  the  Brain  and  Spinal  Cord. 


One  large  8vo.  volume,  with  48  full-page  Plates  and  223  other  Illustrations,  a number 
of  which  are  printed  in  Colours.  Price,  bound  in  Cloth,  25s.  net.  Weight,  6£  lbs. 
Prix,  31.50  frs. ; poids,  2;{  kilos. 
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Just  Ready. 

GORGAS  — Questions  and  Answers  for  the  Dental 

Student.  By  Ferdinand  J.  S.  Gorgas,  M.D.,  D.D.S.,  Professor  of  the 
Principles  of  Dental  Science,  Dental  Surgery,  and  Prosthetic  Dentistry  in 
the  Dental  Department  of  the  University  of  Maryland. 

* The  object  of  the  author  is  to  furnish  a work  that  will  answer  as  a preparatory  text- 
book  for  those  who  are  preparing  themselves  for  a college  course  of  Dentistry;  to  assist 
the  student  during  his  college  course  in  reviewing  the  subjects  that  compose  the  curriculum 
of  each  of  the  various  dental  schools  ; and  also  to  assist  him  after  graduation  in  preparing 
for  the  examinations  required  by  the  State  Boards  of  Dental  Examiners. 

The  work  has  been  divided  into  three  parts  to  conform  as  nearly  as  possible  with  the 
freshman,  Junior,  and  Senior  courses  of  the  different  colleges  of  dentistry  ; should,  how- 
ever, such  divisions  as  the  author  has  made  not  conform  exactly  to  the  division  of  the 
curriculum  of  any  dental  school,  the  book  is  so  arranged  that  the  student  can,  by  use  of  the 
list  of  contents  and  index,  readily  follow'  any  prescribed  course. 

OUTLINE  OF  SUBJECTS. 

Anatomy  — Dental  Physiology — Dent  ition  — Dental  Pathology  — Chemistry  — Dental 
Materia  Medica  and  Therapeutics— Operative  Dentistry— ^Oral  Surgery— Prosthetic 
Dentistry— Physiology— General  Histology— Dental  Histology— Orthodontia— Dental 
Metallurgy— Crown  Work— Bridge  Work— Porcelain  Teeth— Atmospheric  Pressure- 
Deformities  of  Palate — Bacteriology. 

One  handsome  Octavo  volume.  Cloth,  25s.  net.  Weight,  3^  lbs.  Prix,  31.50  frs.  ; 

poids,  1.75  kilos. 


THE  STANDARD  REFERENCE  BOOK. 

GOULD  and  PYLE— An  entirely  New  Cyclopedia  of 

Practical  Medicine  and  Surgery.  By  Seventy  Special  Contri- 
butors. 

A Concise  Work  of  Reference,  alphabetically  arranged,  of  Medicine,  Surgery,  Obstet- 
rics, Materia  Medica,  Therapeutics,  and  the  various  Specialities,  with  Particular  Reference 
to  Diagnosis  and  Treatment.  Compiled  under  the  Editorial  Supervision  of  George  M. 
Gould,  A.M.,  M.D.  ; and  Walter  L.  Pyle,  M.D.,  Assistant  Surgeon  Wills  Eye 
Hospital. 

The  Aim  has  been  to  provide  in  a one- volume  book  all  the  material  usually  con- 
tained in  the  large  systems,  and  much  which  they  do  not  contain.  Instead  of  long,  dis- 
cursive papers  on  special  subjects,  there  are  short,  concise,  pithy  articles,  alphabetically 
arranged,  giving  the  latest  methods  of  Diagnosis,  Treatment,  and  Operating — a working 
book  in  which  the  editors  and  their  collaborators  have  condensed  all  that  is  essential  from 
a vast  amount  of  literature  and  personal  experience. 

The  illustrations  have  been  selected  with  care,  only  those  having  been  used 
that  are  of  practical  value.  No  effort  has  been  made  to  overload  the  book  with  useless 
pictures. 

The  Seventy  Special  Contributors  have  been  selected  in  accordance 
with  their  fitness  for  treating  special  subjects  about  which  they  may  be  considered  expert 
authorities.  They  are  all  men  of  prominence — teachers,  investigators,  and  writers  of  ex- 
perience— who  give  to  the  book  a character  unequalled  by  any  other  work  of  the  kind. 

esr  A DESCRIPTIVE  PROSPECTUS,  containing  full  list  of  contributors  and 
specimen  page  of  text,  will  be  sent  post  free  to  any  Medical 
Man  on  request. 

EXTRACT  FROM  "THE  LANCET”  REVIEW. 

“ The  wide  range  of  medical  science,  and  the  extraordinary  copiousness  of  medical 
literature,  have  long  ago  made  epitomes  of  some  kind  an  absolute  necessity  for  those  who 
desire  to  take  a general  view  of  the  subject  and  to  keep  pace  with  modern  progress.  Many 
able  writers  have  from  time  to  time  done  good  service  in  this  direction,  and  of  the 
‘ Cyclopedia,1  edited  by  Dr.  Gould  and  Dr.  Pyle,  it  may  be  safely  said,  that  no  treatise 
which  has  yet  appeared  excels  theirs  as  an  example  of  the  happy  medium,  the  brevity 
of  a lexicon,  and  the  diffuseness  which,  under  some  editors,  has  made  each  article  an  ex- 
haustive monograph,  and  expanded  the  whole  work  into  several  volumes. 
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An’entirely  New  Cyclopedia  of  Practical  Medicine  and  Surgery— 

continued. 

“ The  attainments  and  professional  position  of  the  seventy-four  contributors  are  a sufficient 
guarantee  that  the  various  subjects  have  been  ably  treated,  an  agreeable  aspect  of  unity 
pervades  the  whole  work,  and  it  is  unquestionable  that  the  object  described  in  the 
Preface  has  been  amply  realized — viz. : ‘ to  present  in  one  handy  volume  concisely  and 
authoritatively  the  more  important  facts  in  all  branches  of  medicine  and  surgery  that  are  of 
working  value  to  the  active  practitioner.’ 

“ We  have  not  found  any  important  omissions  . . . and  it  only  remains  for  us  to  express 
the  conviction  that  the  4 Cyclopedia  ' will  prove  itself  useful  for  reference,  and  a valuable 
addition  to  the  practitioner’s  library.  Many  of  the  articles  are  profusely  illustrated,  and 
the  typography  is  excellent.” 

With  many  Illustrations.  Large  square  8vo.,  about  the  size  of  Webster’s  Unabridged 
Dictionary.  Bound  in  half  Persia  leather,  marbled  edges.  Price,  42s.  net 
Weight,  9 lbs.  Prix,  53  frs. ; poids,  4j  kilos. 


Just  Published. 

GOULD  and  PYLE— A Pocket  Cyclopaedia  of  Medi- 
cine and  Surgery.  Edited  by  George  M.  Gould,  A.M.,  M.D., 
Philadelphia;  and  Walter  L.  Pyle,  A.M.,  M.D.,  Assistant  Surgeon  Wills 
Eye  Hospital,  Philadelphia,  Pa. 

This  book  forms  a companion  volume  to  Freyberger’s  “ Pocket  Formulary  for  the  Treat- 
ment of  Diseases  of  Children.”  It  is  designed  to  furnish  general  information  concerning 
medical  subjects.  Every  subject  concerning  which  the  student  may  desire  a brief  and 
thorough  description,  supplementing  the  mention  which  may  be  given  in  lectures  or  a 
general  text-book,  is  taken  up  and  treated  thoroughly  and  concisely.  To  the  student 
desiring  to  refresh  his  memory  concerning  any  medical  or  surgical  theme,  or  to  look  up  any 
new  term  or  matter  of  recent  discovery  and  use,  the  book  will  prove  invaluable.  The 
thoroughness  of  treatment  under  the  general  divisions  of  medicine  is  shown  by  the  follow- 
ing partial  list  of  subjects  considered  under  the  first  letter: 

MATERIA  MEDICA. 

Abortifacients — Abstracts — Acetanilid — Aconite — Alkalis — Almond — Aloes — Alteratives 
— Ammonium — Amylnitrite — Analgen  — Analgesic  — Anaphrodisiacs  — Aneson  — Animal 
Extracts — Anise— Anodynes  and  Analgesics — Antacids — Anthelmintics — Antidotes — Anti- 
fibrin— Antimony — Antinosin — Antiperiodics — Antiphlogistics — Antipyretics — Antipyrin 
— Antiseptics — Antispasmodics — Antitoxin— Aphrodisiacs — Apiol — Apomorphin — Argen- 
tum — Argonin  — Arnica  — Aromatics  — Arrowroot  — Arsenic  — Asafetida  — Aseptol  — 
Aspidium — Astringents — Atropin — Aurum. 

THERAPEUTICS. 

Acidity — Acne — Acupuncture — Adenoid  — Air  (Liquid)  — Albuminuria  — Alcoholism  — 
Alexia — Alopecia — Akromegaly — Anemia — Anesthesia — Angina  Pectoris — Angioleucitis — 
Angioma — Ankle  Disease — Ankylostoma — Anorexia — Anthrax  — Anus  (Fissure)  — Anus 
(Pruritus) — Aphasia — Aphonia — Apoplexy  — Argyria — Aristol — Arteriofibrosis — Arthralgia 
— Arthritis  — Artificial  Respiration  — Ascites  — Asphyxia  — Asthenopia  — Asthma  — 
Atelectasis — Atheroma — Aura — Autoinfection. 

SURGERY  AND  GYNECOLOGY. 

Abdomen  (Wounds  and  Injuries,  Section  of) — Abdominal  Tumours — Amenorrhea — 
Amputation — Aneurysm — Ankle  (Dislocation,  Fracture,  Sprains) — Ankylosis — Anteflexion 
Antrum — Anus  — Aorta  (Aneurysm)  — Appendicitis  — Arm  (Amputation,  Dislocation, 
Fracture) — Arteries  (Injuries,  Ligation) — Autotransfusion — Axilla  (Wounds) — Axillary 
Aneurysm. 

OPHTHALMOLOGY. 

Amaurosis — Amblyopia — Argyll  Robertson — Astigmat  ism. 

OBSTETRICS  AND  PEDIATRICS. 

Abortion — After  Pains — Amnii  (Liquor) — Asphyxia  Neonatorum. 

MISCELLANEOUS. 

Antemortem  Statement — Autopsy. 
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A Pocket  Cyclopaedia  of  Medicine  and  Surgery  —continued. 

EXTRACT  FROM  REVIEW. 

“This  pocket  volume  is  well  bound  in  leather.  It  measures  6 inches  in  length  and 
3i  inches  in  width — large  enough  as  a reference  book  for  the  coat  pocket,  and  yet  not  too 
bulky.  The  arrangement  is  alphabetical,  the  print  good  and  clear,  and  the  illustrations 
numerous,  well  chosen,  and  helpful.  The  booklet  professes  to  be  no  more  than  a brief 
summary  of  Dr.  Gould’s  larger  work,  and  for  a summary  it  is  excellent,  nothing  of 
importance  being  omitted.” — Dublin  Journal  of  Medical  Science. 

Fcap.  8vo.,  584  pp.  Full  flexible  leather  binding,  rounded  corners,  red  edges  (suitable 
for  pocket).  Price  5s.  net.  Weight,  J lb.  Prix,  6.50  frs. ; poids,  g kilo. 


GOULD — Suggestions  to  Medical  Writers.  By  George 

M.  Gould,  A.M.,  M.D.,  Philadelphia. 

One  12mo  volume,  185  pages,  cloth.  Price  5s.  6d.  net.  Weight,  l£  lbs.  Prix, 

6.60  frs. ; poids,  J kilo. 

Just  Issued. 

GOULD— Biographic  Clinics,  the  Origin  of  the  Ill- 

Health  of  De  Quincey,  Carlyle,  Darwin,  Huxley,  and  Browning. 

By  George  M.  Gould,  A.M.,  M.D.  Philadelphia. 

The  author  advocates  a study  of  the  entire  life  of  a patient  instead  of  that  of  a particular 
illness,  and  illustrates  the  method  of  the  biographic  clinic  by  the  lives  of  the  men  named. 
He  has  gathered  from  the  biographies,  writings  and  letters  of  these  five  great  writers  every 
reference  to  their  ill-health.  Each  endured  a life  of  terrible  suffering  which  made  almost 
every  day  a torment  and  by  which  their  work  and  worth  as  an  asset  of  the  nation  and 
civilization  was  conditioned  and  often  rendered  morbid.  The  cause  of  their  affliction  was 
an  utter  mystery  to  themselves,  to  their  friends,  and  to  their  physicians.  No  explanation 
explained,  and  no  cure  cured.  All  recognised  in  a vague  way  that  use  of  the  eyes  in 
writing  and  reading  brought  on  the  wretchedness,  and  all  recognised  very  clearly  that  only 
exercise  in  the  open  air  gave  temporary  relief. 

The  conclusion  reached  by  Dr.  Gould  from  logic  and  from  a summary  of  the  clinical 
symptoms  is  that  each  of  the  men  suffered  from  eyestrain,  and  that  scientific  correction  of 
their  ametropia  would  have  transformed  their  lives  of  misery  into  lives  of  happiness. 

Besides  the  five  chapters  devoted  to  the  biographies,  there  is  one  showing  that  the  truth 
in  what  is  miscalled  “ biliousness,”  and  the  source  of  the  great  majority  of  all  headaches, 
is  unrecognised  eyestrain.  Another  chapter  is  devoted  to  a history  of  the  discovery  of 
astigmatism  and  eyestrain,  and  the  last  chapter  discusses  the  responsibility  for  the  fact  that 
thousands  of  persons  are  at  present  unnecessarily  bearing  their  lifetimes  of  ill-health,  sick- 
headache,  dyspepsia,  nausea  and  melancholy. 

One  Crown  8vo.  volume,  with  Frontispiece.  Price,  bound  in  cloth,  5s.  net. 
Weight,  1 lb.  Prix,  6 50  frs  ; poids,  £ kilo. 


GREEFF— A Guide  to  the  Microscopical  Examination 

of  the  Eye.  -By  Prof.  Dr.  R.  Greeff,  Berlin.  Only  Authorized  Transla- 
tion from  the  Second  German  Edition  by  Hugh  Walker,  M.A.,  M.B.C.M., 
Assistant  Surgeon  and  Pathologist  to  the  Ophthalmic  Department,  Glasgow 
Royal  Infirmary. 

EXTRACTS  FROM  REVIEWS. 

“ This  is  a practical  and  most  useful  little  book  and  should  be  in  the  pathologist  s room 
of  every  ophthalmic  hospital.” — The  Lancet.  _ , 

“ The  student  will  find  the  work  a most  admirable  and  reliable  guide  in  his  laboratory 
work.” — Scottish  Medical  and  Surgical  Journal. 

“We  can  strongly  recommend  this  little  book.” — Dublin  Journal  of  Medical  science. 

One  Crown  8vo.  volume  of  xiv  + 171  pages.  Price  5s.  net.  Weight,  1 lb.  Prix, 

6.50  frs.  ; poids,  J kilo. 


PUBLISHED  BY  REBMAN,  LIMITED. 
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GREENE— The  Medical  Examination  of  Life  In- 
surance. With  Chapters  on  Sub-standard  Risks  and  Accident  Insurance. 
By  Charles  Lyman  Greene,  M.D.,  of  St.  Paul,  Clinical  Professor  of 
Medicine  and  Physical  Diagnosis  in  the  University  of  Minnesota. 

F ACTS. 

At  the  present  time  there  is  a demand  for  a complete  handbook  for  the  examining 
physician. 

The  preparation  of  this  volume  was  undertaken  at  the  suggestion  of  distinguished  experts. 

Its  plan  of  arrangement  is  such  as  to  make  it  a book  of  ready  reference. 

It  is  the  only  work  which  adequately  discusses  Physical  Diagnosis  and  Clinical  Signs  in 
their  direct  connection  with  the  life  insurance  examiner’s  work. 

The  relations  of  the  examiner  with  the  agent,  applicant,  and  home  office  are  treated  in  a 
practical  and  complete  manner,  sourcesof  friction  and  misunderstanding  being  fullyexplained. 

The  section  on  Attempts  to  Defraud  is  unique,  and  must  prove  specially  satisfactory. 

The  historical  portion  is  interesting  and  readable. 

It  is  the  only  book  available  to  the  physician,  explaining  current  insurance  terms,  funda- 
mental principles  of  life  insurance,  the  why  and  wherefore  of  every  question  in  the  applica- 
tion blanks,  etc. 

It  deals  thoroughly  with  the  questions  of  Occupation,  Heredity,  Family  History. 

It  reflects  the  modem  view  of  the  subjects  discussed — a composite  photograph,  so  to 
speak,  of  the  best  thoughts  of  the  best  men. 

The  information  to  be  obtained  by  the  use  of  the  eye  alone  is  unique  and  valuable.  The 
chapters  on  The  Chest  are  concise,  practical,  and  illustrated  by  original  plates  of  great 
value.  The  section  on  The  Urine  leaves  out  nothing  of  importance,  and  advises  methods 
selected  on  account  of  their  simplicity  and  accuracy. 

It  is  the  only  book  dealing  with  Sub-standard  Risks  and  Accident  Insurance,  two  subjects 
which  have  assumed  immense  importance. 

It  is  written  by  a practical  teacher  of  physical  diagnosis,  a medical  examiner,  and  referee 
of  many  years’  standing  and  experience. 

It  contains  Rogers’  Nylic  Tables,  Marsh’s  Graphic  Colour  Tables,  Actuaries’  Tables,  and 
many  other  useful  tables. 

The  illustrations  are  numerous,  handsomely  engraved,  and  in  many  cases  printed  in  colours. 

The  early  diagnosis  of  tuberculosis  and  the  insurability  of  persons  suffering  with  albu- 
minuria, etc.,  are  carefully  discussed. 

EXTRACT  FROM  AN  EARLY  REVIEW. 

“ Dr.  Greene’s  work  is  strongly  to  be  recommended  to  the  profession,  even  if  it  bears 
some  resemblance  to  an  insurance  apotheosis.  It  is  splendidly  illustrated  with  numerous 
graphic  charts  and  figures,  many  of  them  in  colour.” — A.  Lockhart  Gillespie  in  Edin- 
burgh Medical  Journal. 

One  handsome  Royal  8vo.  volume  of  426  pages,  with  107  Illustrations,  many  of  which 
are  original,  several  printed  in  colours.  Cloth.  Price  17s.  net.  Weight,  lbs. 
Prix,  21. BO  frs. ; poids,  1}  kilo. 

HALL— A Text-Book  of  Physiology  for  Students  and 

Practitioners.  By  Winfield  S.  Hall,  A.M.,  M.D.,  Ph.D.,  Professor  of 
Physiology  in  the  North-Western  University  Medical  School,  Chicago. 

No  text-book  on  physiology  has  hitherto  offered  the  advantages  of  presenting  its 
subject  clearly  within  its  own  boundaries  and  instructive  connection  with  its  underlying 
sciences,  anatomy,  chemistry,  and  physics.  Developed  in  this  rational  manner,  physiology 
becomes  more  readily  grasped  in  itself  and  in  its  proper  relationships,  thus  contributing  to 
the  general  understanding  of  all  the  practical  departments  of  medicine.  A special  feature 
of  this  volume  is  found  in  the  epitomes  prefixed  to  each  chapter,  which  classify  the 
subjects  treated  in  the  text,  and  enable  the  reader  to  gain  a clear  conception  of  the  science, 
and  serve  as  a convenient  means  of  reviewing  and  fixing  its  facts  permanently  in  the 
memory.  Grouped  in  the  contents,  these  epitomes  form  a syllabus  of  the  entire  science. 
The  work  is  richly  illustrated.  It  will  answer  every  need  of  medical  students,  and  equally 
the  requirements  of  practitioners  as  well  as  those  of  special  students  of  physiology. 
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A Text-book  of  Physiology  for  Students  and  Practitioners— continued. 

EXTRACTS  FROM  REVIEWS. 

“ English  students  and  teachers  may  purchase  the  work  with  the  certainty  that  they  will 
obtain  a thoroughly  sound  and  reliable  exposition  of  the  present  state  of  physiological 
knowledge.” — Lancet. 

“ . . . The  book  is  both  ambitious  and  interesting.  . . .” — British  Medical  Journal. 

‘ . . . The  writing  is  concise  and  clear.  . . ."—Birmingham  Medical  Review. 

“ ...  It  can  be  confidently  recommended  as  a reliable  and  convenient  manual  for 
students,  practitioners,  and  the  general  public.  . . — Practitioner. 

In  one  very  hamdsome  8vo.  volume  of  672  pages,  with  348  Engravings  and  6 Coloured 
Plates.  Price  20s.  net.  Weight,  5 lbs.  Prix,  25.25  frs.  ; poids,  2£  kilos. 


HAMILTON  and  GODKIN — A System  of  Legal 

Medicine.  A Complete  Work  of  Reference  for  Medical  and  Legal  Practi- 
tioners. By  Allan  McLane  Hamilton,  M.D.,  F.R.S.E.,  assisted  by 
Lawrence  Godkin,  Esq.,  of  the  New  York  Bar,  and  a Corps  of  Thirty 
Collaborators  in  the  various  Departments  with  which  their  scientific  reputa- 
tion is  identified. 

Note. — The  Second  Edition,  in  addition  to  being  thoroughly  revised  and 
corrected,  contains  new  articles  upon  the  “Medico-Legal  Application  of  the 
Rontgen  Rays”  for  accurately  determining  the  evidences  of  obstructions  or  internal 
injuries  not  otherwise  visible  or  recognisable  ; and  upon  certain  toxicological  agents,  not 
previously  mentioned,  notably  the  criminal  use  of  the  newer  drugs. 

EXTRACTS  FROM  REVIEWS. 

“ From  the  very  cursory  sketch  which  we  have  given  of  the  contents  of  this  publication, 
it  will  be  clear  that  it  is  one  of  which  the  editors  have  every  reason  to  be  proud,  and  one 
which  should  be  in  the  library  of  every  medico-legal  expert.” — Practitioner. 

“ Enough  has  been  said  to  indicate  the  character  and  scope  of  Dr.  Hamilton’s  book. 
As  the  most  modern,  and  in  many  respects  the  fullest,  compendium  of  medical  jurisprudence 
in  the  language,  it  deserves  the  attention  of  English  practitioners  and  jurists.  An 
excellent  feature  is  the  addition  of  a complete  bibliography  to  several  of  the  articles.” 
— Standard. 

Second  Edition  Two  Royal  8vo.  volumes  of  1,400  pages.  Liberally  Illustrated  by 
reproductions  from  Nature  and  other  drawings  and  special  diagrams,  by  chromo- 
lithographs and  engravings  in  line  and  half-tone  process.  Price,  bound  in  cloth, 
45s.  net.  Weight,  10i  lbs.  Prix,  56.50  frs.  ; poids,  5}  kilos. 

Just  Ready. 

HEMMETER— Diseases  of  the  Intestines  : their  Special 

Pathology,  Diagnosis,  and  Treatment.  With  Sections  on  Anatomy  and 
Physiology,  Microscopic  and  Chemic  Examination  of  the  Intestinal  Contents, 
Secretions,  Faeces, and  Urine.  Intestinal  Bacteria  and  Parasites;  Surgery  of 
the  Intestines  ; Dietetics,  Diseases  of  the  Rectum,  etc.  By  John  C.  Hem- 
meter,  M.D.,  Ph.D.,  Professor  in  the  Medical  Department  of  the  University 
of  Maryland  ; Consultant  to  the  University  Hospital  and  Director  of  the 
Clinical  Laboratory;  etc. 

The  Section  on  Anatomy  has  been  prepared  by  Dr.  J.  Holmes  Smith,  Associate 
Professor  and  Demonstrator  of  Anatomy,  and  Lecturer  on  Clinical  Surgery,  University  of 
Maryland,  Baltimore.  The  Section  on  Bacteria  of  the  Intestines  has  been  pre- 
pared by  Dr.  Wm.  Royal  Stokes,  Associate  Professo;  of  Pathology  and  Bacteriology, 
and  Visiting  Pathologist  to  the  University  Hospital,  University  of  Maryland,  Baltimore. 
The  Section  on  Diseases  of  the  Rectum  has  been  prepared  by  Dr.  Thomas  C. 
Martin,  Professor  of  Proctology,  Cleveland  College  of  Physicians  and  Surgeons.  The 
Section  on  Examination  of  Urine  and  Faeces  has  been  prepared  by  Dr.  Harry 
Adler,  Demonstrator  of  Clinical  Pathology,  University  of  Maryland,  Baltimore.  Thf. 
Illustrations  form  a most  useful  and  practical  series  of  pictures — nearly  all  have  been 
reproduced  from  pathological  preparations  and  original  drawings,  a few  being  printed  in 
several  colours. 


JACOBI’S  PORTFOLIO  OF  DERMOCHROMES. 


NOTICE  AS  TO  BINDING. 


As  the  plates  of  this  Portfolio  are  put  loosely  in  the 
text,  it  is  herewith  pointed  out  that  arrangements  have 
been  made  for  binding  this  important  work  in  either  of 
the  following  styles,  and  at  the  prices  mentioned,  which 
are,  of  course,  extra  to  the  cost  of  the  work  itself: 

Parts  I.  and  II.,  and  III.  and  IV.,  bound  in  two  Volumes  (two 
parts  in  each  Volume),  full  flexible  leather,  with  rounded 
comers,  and  gilt  edges  all  round,  gilt  lettered  on  side,  including 
owner's  name,  very  handsome,  6/6  per  Volume,  or  13/-  net 
for  the  complete  work. 

Ditto,  in  half  leather,  cloth  boards,  title  gilt  lettered  on  back  only, 
with  red  burnished  edges  all  round,  3 9 per  Volume,  or  7/6  net 
for  the  complete  work. 

All  orders  must  bo  accompanied  by  a remittance. 
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Diseases  of  the  Intestines — continued. 

EXTRACTS  FROM  REVIEWS. 

“ The  volumes  contain  an  enormous  amount  of  information,  and  the  views  expressed  are 
certainly  modern  and  up-to-date ; and  there  can  be  no  doubt  that  the  owner  of  both  volumes 
will  have  beside  him  an  immense  source  of  instruction. "^-Glasgow  Medical  Journal. 

“ In  our  review  of  the  first  volume  of  this  work  we  were  enabled  to  speak  in  terms  of 
high  praise  of  Dr.  Hemmeter’s  labours.  Our  opinion  has  been  strengthened  after  a perusal 
of  the  second  volume.  The  two  volumes  of  Dr.  Hemmeter’s  work  form  a most  valuable 
treatise  on  diseases  of  the  intestines,  and  we  can  speak  in  warm  terms  of  praise  of  the 
publication.” — Lancet. 

“The  illustrations  are  among  the  best  we  have  seen,  and  the  printing  is  good.  The 
work  is  a valuable  one,  and  contains  a vast  amount  of  carefully  systematized  information.” 
— Birmingham  Medical  Review. 

Complete  in  two  handsome  Royal  8vo.  volumes  of  1,442  pages,  bound  in  half  Persia 
leather,  gilt  top.  Price  60s.  net.  Weight,  ll  lbs.  Prix,  63.10  frs.  ; poids, 
5 A kilos. 

«ar  ORDERS  TAKEN  FOR  COMPLETE  SETS  ONLY. 


IMPORTANT  ANNOUNCEMENT. 


JACOBI— A Portfol  io  Of  Dermochromes.  By  Professor 

Dr.  J acobi,  of  Freiburg.  Only  Edition  authorized  to  be  published  in  the 
English  language.  The  text  translated  and  adapted  by  J.  J.  Pringle,  M.B., 
F.R.C.P.,"  Physician  to  the  Department  for  Diseases  of  the  Skin  at  the 
Middlesex  Hospital,  London. 


This  work  contains  plates  of  Dermochromes  beautifully  reproduced  in  natural  tints  by  a 
new  Four-Coi.our  Process,  illustrating  the  Common  Diseases  of  the  Skin  and  Venereal 
Affections  which  the  General  Practitioner  has  frequent  opportunities  of  observing  in  his 
daily  practice.  Each  plate  is  accompanied  by  a page  or  more  of  explanatory  text  contain- 
ing practical  points  in  treatment. 

The  work,  which  will  be  completed  in  four  divisions  or  parts,  will  be  published  at  the 
very  moderate  price  of  60s.  net,  thus  bringing  it  within  reach  of  all  General  Practitioners 
and  Students. 

Below  will  be  found  a List  of  the  Contents  of  the  first  two  parts,  which  are  just  ready. 
Parts  III.  and  IV.  are  in  active  preparation,  and  will  be  issued  at  the  earliest  possible 
date. 

A Prospectus  and  Specimen  Plate  will  be  sent  to  any  medical  man  on  receipt  of  card. 

NUMBERED  LIST  OF  SUBJECTS. 
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A Portfolio  of  Dermochromes—  continued. 


Numbered  List  of  Subjects — continued. 
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Verruca  necrogenica. 

Lichen  scrophulosorum. 

Erythema  induratum  (Bazin). 

Lepra  tuberosa,  face. 

,,  ,,  hand. 

Lepra  (perforating  ulcer). 

„ ansesthetica. 

Ringworm  (large  spored,  Trichophytosis),  arm. 
„ hand. 

„ (small  spored,  Mikrosporosis). 

„ Kerion  Celsi. 

„ nails. 

„ neck. 

„ beard  (Sycosis). 

Pityriasis  rosea. 

Erythrasma. 

Pityriasis  versicolor. 

Favus  scutularis. 

„ herpetiformis. 

Part  II. 

Psoriasis  vulgaris,  guttata. 

,,  ,,  arm. 

,,  gyrata  et  serpiginosa. 

,,  vulgaris,  nails. 

,,  ,,  rupioides. 

„ ,,  penis. 

11  11  hand. 

Lichen  planus,  arm. 

,,  ,,  atrophicus. 

,,  ,,  annularis. 

,,  ,,  verrucosus. 

,,  ,,  tongue. 

Leukoplakia,  mucous  membrane  of  the  mouth. 

Lichen  chronicus  (Vidal). 

Pityriasis  rubra  pilaris. 

Lichen  pilaris. 

Ichthyosis. 

Prurigo,  arm. 

.1  leg. 

Variola. 

Discrete  small-pox. 

Confluent  small-pox. 

Hxmorrhagic  small-pox. 

Variola  modified  by  vaccination. 

Vaccinia. 

Varicella  in  a child. 

,,  in  an  adult. 

Measles. 

Scarlatina. 

Anthrax. 

Actinomycosis. 

Herpes  progenitalis. 
labialis. 
zoster, 
it  gangrrenosus. 

Dysidrosis. 

Pemphigus  vegetans. 

vulgaris. 
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JACOBY  — Electrotherapy.  Illustrated.  See  cohen. 

Physiologic  Therapeutics,  page  5. 

JAMES— Rheumatism  and  its  Treatment  by  the  Use  of 

the  Percusso-Punctator.  By  J.  Brindley  James,  M.R.C.S.  Eng., 
L R C P I 

This  little  book  contains,  besides  the  actual  treatment  of  rheumatism  by  the  percusso- 
punctator,  chapters  on  the  treatment  of  sciatica  and  lumbago  by  the  injection  of  sulphuric 
ether,  on  diet  in  rheumatism,  and  on  “nevrose”  and  acupuncture. 

Crown  8vo.  40  pages.  Price,  Limp  Cloth,  is.  6d.  net.  Weight, 

poids,  0.056  kilo. 


2 oz.  Prix,  2 fra. 
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Just  Ready. 

JARDINE— Clinical  Obstetrics.  A Handbook  for  Students 

and  Practitioners,  by  Robert  Jardine,  M.D.  Edin.,  M.R.C.S.  Eng., 
F.P'.P.  and  S.  Glas.,  F.R.S.  Edin.,  etc.;  Senior  Physician  to  the  Glasgow- 
Maternity  Hospital  ; Examiner  in  Midwifery  to  the  University  of  Glasgow, 
etc. 

PUBLISHERS’  ANNOUNCEMENT. 

The  book  differs  from  the  ordinary  Text-Book  on  Midwifery  in  that  it  is  practical  from 
beginning  to  end.  It  is  based  upon  a most  extensive  experience,  and  contains  records  of 
fully  200  illustrative  cases. 

With  few  exceptions  these  cases  are  such  as  may  be  met  with  in  any  man’s  practice. 
Every  complication  which  is  likely  to  be  met  with  is  discussed.  Heart  disease  is  very 
fully  discussed,  and  fully  a dozen  cases  are  given. 

There  is  also  a chapter  on  Specific  Fevers,  with  illustrative  cases. 

The  chapters  on  Eclampsia  are  specially  important,  as  the  subject  is  the  one  with  which 
Dr.  Jardine’s  name  is  specially  associated.  Twenty  cases  are  fully  described,  and 
the  author’s  method  of  treatment  by  saline  infusions  is  very  fully  described. 

The  Hemorrhages  are  all  dealt  with  in  one  section,  and  are  not  scattered  throughout 
the  book. 

The  operations  are  very  minutely  described  and  the  indications  for  them  given. 

In  the  chapter  on  injuries  to  the  child  during  delivery  will  be  found  a description  of 
opacity  of  the  cornea  caused  by  pressure,  which  Dr.  Jardine  has  recently  drawn  attention  to 
for  the  first  time  at  least  in  this  country. 

Throughout  the  book  aseptic  treatment  is  strongly  insisted  upon. 

Attention  should  be  drawn  to  the  Appendix,  with  its  valuable  tabular  statements,  and  to 
the  index  of  cases. 

The  work  is  not  a short  discussion  of  a few  points  in  Midwifery  work,  but  a full  one  on 
the  entire  subject.  The  methods  of  treatment  advocated  have  been  tested  by  the  author, 
and  are  not  merely  copied  from  other  works. 

The  book  is  up-to-date,  and  contains  a discussion  of  Deciduoma  Malignum  in  its 
practical  aspects,  and  a description  of  the  induction  of  Spinal  Anaesthesia  by  injections  of 
Cocaine. 

The  usual  Anatomical  and  Physiological  sections  have  not  been  included  in  the  work 
except  in  so  far  as  their  practical  bearing  is  concerned. 

One  Crown  8vo.  volume  of  688  pages.  Illustrated  with  43  Engravings  and  one 

Coloured  Plate.  Price,  bound  in  cloth,  15s.  net..  Weight,  3 lbs.  Prix,  18.19  frs  ; 

poids,  11  kilos. 


JARUNTOWSKY — The  Private  Sanatoria  for  Con- 
sumptives, and  the  Treatment  adopted  within  them.  With  a 
detailed  description  of  the  principal  German  and  Swiss  Sanatoria,  Cases 
most  Suitable  for  Treatment,  Cost  of  Treatment,  etc.  By  Dr.  Arthur  von 
Jaruntowsky,  of  Posen,  formerly  Assistant  to  Dr.  Brehmer,  at  Goerbers- 
dorf.  Translated  by  E.  Clifford  Beale,  M.A.,  M.B.  Cantab.,  F.R.C.P., 
Physician  to  the  City  of  London  Hospital  for  Diseases  of  the  Chest,  Victoria 
Park,  London,  etc. 

EXTRACTS  FROM  REVIEWS. 

“ Dr.  Beale  has  done  a most  useful  piece  of  work  by  translating  this  pamphlet  ...  it  is 
full  of  facts  of  much  usefulness.” — Lancet. 

“ The  profession  is  indebted  to  Dr.  Clifford  Beale  for  placing  within  the  reach  of  English 
practitioners  this  admirable  translation  of  the  very  valuable  work  of  Dr.  Von 
Jaruntowsky.” — British  Journal  of  Balneology y etc. 

“This  very  interesting  little  volume.”—  Treatment. 

Royal  8 vo.  48  pages.  Price,  Limp  Cloth,  is.  6d.  net.  Weight,  i lb.  Prix,  2 frs. ; 

poids,  £ kilo. 
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Just  Issued. 

JENNINGS— A Manual  of  Ophthalmoscopy  for 

Students  and  General  Practitioners.  By  J.  E.  Jennings,  M.D. 
(University  of  Pennsylvania),  author  of  “ Colour  Vision  and  Colour  Blind- 
ness, a Practical  Manual  for  Railroad  Surgeons  formerly  Clinical  Assistant 
Royal  London  Ophthalmic  Hospital,  London  ; Fellow  of  the  British  Laryngo- 
logical  and  Rhinological  Association  ; Member  of  the  American  Medical 
Association,  etc. 

EXTRACTS  FROM  REVIEWS. 

“We  can  thoroughly  recommend  this  volume  to  students  and  practitioners  as  a concise, 
clear,  and  reliable  manual  of  ophthalmoscopy.’* — Birmingham  Medical  Review . 

“ As  an  inexpensive  book  for  students  and  for  those  not  in  the  habit  of  using  the  4 
ophthalmoscope  daily  the  book  can  be  thoroughly  recommended.”—  British  Medical 
Journal. 

One  Demy  8vo.  volume  of  180  pages.  With  95  Illustrations  and  one  Coloured  Plate 
Price,  bound  in  cloth,  7s.  6d.  net.  Weight,  lbs.  Prix,  9 50  frs. ; poids,  f kilo 

Irt  Press  for  Immediate  Issue. 

JENNINGS— A Manual  of  Plague.  By  William  Ernest 

Jennings,  M.B.,  C.M.,  Major  in  the  Indian  Medical  Service;  Chief  Medical 
Officer  for  Plague  Operations  in  the  Bombay  Presidency;  Honorary 
Associate  in  the  Order  of  the  Hospital  of  St.  John  of  Jerusalem ; Fellow  of 
the  Royal  Institute  of  Public  Health,  etc.  With  a Preface  by  Surgeon- 
General  G.  Bainbridge,  M.D.,  I.M.S. 

One  Demy  8vo.  vol.  of  about  232  pages. 


FOR  THE  USE  OF  SPECIALISTS,  SINGERS,  TEACHERS  OF 
MUSIC,  PUBLIC  SPEAKERS,  ETC. 

JOAL — On  Respiration  in  Singing.  By  Dr.  Joal  (of 

Mont  Dore,  France).  Authorized  Translation  by  R.  Norris  Wolfenden, 
M.D.  Cantab.,  late  Editor  of  the  Journal  of  Laryngology,  etc. 

EXTRACTS  FROM  REVIEWS. 

“ This  little  work,  although  intended  primarily  for  singers,  contains  many  observations 
on  respiration  which  are  of  interest  both  to  the  physiologist  and  the  physician.” — Lancet. 

“ All  vocalists  and  teachers  of  singing  may  be  earnestly  recommended  to  read  this  care- 
fully prepared  and  well  thought  out  little  book.” — Musical  Times. 

Illustrated.  Crown  8vo.  232  pages.  Price,  Cloth,  2s.  6d.  net.  Weight,  1 lb. 

Prix,  3.25  frs.  ; poids,  £ kilo. 

KEAY — The  Medical  Treatment  of  Gall  Stones.  By 

J.  H.  Keay,  M.A.,  M.D. 

EXTRACTS  FROM  REVIEWS. 

“ The  work  should  be  in  the  hands  of  every  practitioner  who  has  to  do  with  this  serious 
malady.  We  can  truly  say  that  we  have  derived  the  greatest  pleasure  from  a perusal  of 
this  common-sense  and  practical  treatise  on  the  subject,  and  we  most  cordially  wish  it  all 
success.” — Treatment. 

“ The  book  contains  much  useful  information  of  an  eminently  practical  nature,  and  is 
well  worth  possessing.” — Medical  Chronicle. 

“ This  little  monograph  is  a distinct  contribution  to  the  treatment  of  gall-stones,  and  we 
can  confidently  recommend  it  to  all  interested  in  the  subject.” — Glasgow  Medical  Journal. 

Price,  3s.  net.  Weight,  1 lb.  Prix,  4 frs. ; poids,  h kilo. 


PUBLISHED  BY  REBMAN , LIMITED. 
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KIRSTEIN  — Autoscopy  of  the  Larynx  and  the  T rachea. 

Direct  Examination  without  Mirror.  By  Alfred  Kirstein,  M.D.,  Berlin. 
Translated  by  Max.  Thorner,  A.M.,  M.D. 

EXTRACTS  FROM  REVIEWS. 

“ The  book  is  of  distinct  value  to  those  who  practise  the  art  of  laryngoscopy.” — I.iver- 
tool  Med.  Chir.  Journal. 

“ We  cordially  welcome  this  small  but  interesting  work.” — Bristol  Med.  Chir.  Journal. 

12  Illustrations.  Crown  8vo.,  70  pages.  Price,  Cloth,  4s.  net.  Weight  1 lb.  Prix, 

5 frs.  ; poids,  A kilo. 

KNOPF— Tuberculosis  as  a Disease  of  the  Masses 

and  How  to  Combat  it.  Prize  Essay  by  S.  A.  Knopf,  M.D.,  of  New 
York.  Adapted  for  use  in  England  by  J.  M.  Barbour,  M.B. 

Note. — The  International  Congress  to  Combat  Tuberculosis  as  a Disease  of  the  Masses, 
which  was  convened  at  Berlin,  May  24  to  27,  1899,  awarded  the  International  Prize  to 
this  work. 

EXTRACTS  FROM  REVIEWS. 

“ Worthy  of  an  extensive  circulation.” — British  Medical  Journal. 

“ An  excellent  treatise.” — Nature. 

“ We  doubt  if  anything  better  has  been  done  on  the  subject  for  general  reading  than  this 
pamphlet.” — Church  Bells. 

“ This  very  able  essay  ...  we  strongly  recommend  it  to  our  readers.” — Church  Review. 
“ This  masterly  study  . . .” — Sunday  School  Chronicle. 

Demy  8vo.,  76  pages  Illustrated  Price  1b.  Id  net.  (inclusive  of  postage). 
Weight,  J-  lb.  Prix,  1.40  frs.  ; poids,  0.25  kilo. 


ENTIRELY  NEW  EDITION,  REVISED  AND  ENLARGED. 

KRAFFT-EBING— Psychopathia  Sexualis.  With  special 

reference  to  Antipathic  Sexual  Instinct.  A Medico-Forensic  Study  by  the  late 
Dr.  R.  Von  Krafft-Ebing,  Professor  of  Psychiatry  and  Neurology,  University 
of  Vienna.  ONLY  Authorized  Translation  from  the  Tenth  enlarged  and 
revised  German  .Edition. 

This  is  an  entirely  new  translation,  and  is  a faithful  version  of  the  last,  1. e. , the  tenth, 
German  edition  recently  issued.  It  contains  much  new  matter  and  a great  many  new 
cases  not  referred  to  in  former  editions. 

The  book  will  be  found  to  be  an  invaluable  aid  to  the  medical  practitioner  in  properly 
diagnosing  certain  cases  which  may  be  puzzling  under  ordinary  circumstances  ; whilst  in 
the  law  courts  it  will  often  assist  in  properly  discriminating  between  crime  and  insanity  or 
hidden  neuropathic  affections,  thus  saving  the  accused  from  miscarriage  of  justice  and  the 
court  from  committing  a judicial  crime. 

The  book  is  sold  only  to  the  Members  of  the  Medical  and  Legal  Professions. 

EXTRACT  FROM  AN  EARLY  REVIEW. 

“ An  explanation  of  the  socially  and  legally  difficult  situations  in  which  sexually  ab- 
normal persons  are  apt  to  find  themselves  can  only  be  furnished  by  the  study  of  a large 
number  of  cases.  Carefully  kept  notes  and  minute  descriptions  of  all  the  many  and  ever- 
varying  mental  and  somatic  symptoms  which  accompany  psychopathic  disorders  of  the 
above-mentioned  kind  are  absolutely  necessary  if  ever  we  are  to  be  enabled  to  deal  sine 
ira  el  studio  with  the  social  and  moral  conflicts  which  arise  therefrom.  As  an  important 
Contribution  towards  the  achievement  of  this  aim,  Krafft-Ebing’s  book  may  be  recom- 
mended to  earnest  readers.  The  book  is  very  well  translated  ; paper  and  printing  are 
excellent.” — Treatment. 

In  one  Royal  8vo.  volume,  handsomely  bound  in  half  Persia  leather,  containing  683 
pages.  Price,  21s.  net.  Weight,  4j  lbs.  Prix,  26.50  frs. ; poids,  2.f  kilos. 
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Second  Revised  Edition. 

LAKE— The  International  Directory  of  Laryngologists 

and  Otologists,  containing  the  Names  and  Addresses  of  Practitioners 
engaged  in  the  Study  and  Practice  of  Laryngology  and  Otology.  Compiled 
by  Richard  Lake,  F.R.C.S.,  Surgeon  Laryngologist  North  London  Hospital 
for  Consumption  ; Surgeon  Metropolitan  Throat  and  Ear  Hospital;  Surgeon 
Royal  Ear  Hospital ; Surgeon  for  Diseases  of  the  Throat  and  Ear,  Trinity 
College  of  Music. 

EXTRACT  FROM  REVIEW. 

“ ■ • • We  have  personally  found  the  present  edition  (the  tirst)  of  the  greatest  service, 
and  feel  sure  that  every  specialist  will  wish  to  have  it  on  his  table.  . . .” — Journal  ot 
Laryngology. 

In  one  neat  Foolscap  8vo.  volume,  pocket  size.  Price  5s.  net,  in  flexible  leather. 
Weight,  i lb.  Prix,  6.50  frs.  (cuire) ; poids,  £ kilo. 


LAKE— Laryngeal  Phthisis;  or,  Consumption  of  the 

Throat.  By  Richard  Lake,  F.R.C.S.,  Surgeon  laryngologist  North 
London  Hospital  for  Consumption  ; Surgeon  Metropolitan  Throat  and  Ear 
Hospital ; Surgeon  Royal  Ear  Hospital ; Surgeon  for  Diseases  of  the  Throat 
and  Ear,  Trinity  College  of  Music. 

Note. — The  importance  of  the  subject  treated  of  in  the  book,  and  the  immense  value  of 
a knowledge  of  its  treatment,  has  induced  the  author  to  prepare  this  small  work.  It  has 
been  written  less  as  a treatise  than  as  the  record  of  results  obtained  by  the  observation  and 
treatment  of  over  300  cases. 


EXTRACTS  FROM  REVIEWS. 

“ The  book  is  full  of  practical  points  and  must  be  read  to  be  appreciated.  It  forms  a 
valuable  and  timely  contribution  to  the  literature  of  an  important  subject,  and  cannot  fail 
to  enhance  the  author’s  reputation.” — British  Medical  Journal. 

“ We  can  cordially  recommend  the  book  to  the  notice  of  all  who  take  a practical  interest 
in  the  disease  of  which  it  treats.” — Edinburgh  Medical  Journal. 

“ It  may  be  confidently  recommended  as  a real  addition  to  the  literature  of  the  subject, 
and  not  a mere  recapitulation  of  other  books.” — Dublin  / ourual  of  Medical  Science. 

One  Demy  8vo.  volume  of  about  100  pages,  Cloth.  With  36  Illustrations,  21  of  which 
are  Coloured.  Price  7s.  6d.  net.  Weight,  1 lb.  Prix,  9.50  frs. ; poids,  4 kilo. 


LEFFMANN  and  BEAM— Select  Methods  in  Food 

Analysis.  By  Henkv  Lekfmann,  M.D.,  Professor  of  Chemistry  in  the 
Woman’s  Medical  College  of  Pennsylvania  and  in  the  Wagner  Free  Institute 
of  Science;  Pathological  Chemist  Jefferson  Medical  College  Hospital, 
Philadelphia;  Vice-President  (1901)  Society  of  Public  Analysts,  etc.;  and 
William  Beam,  A.M. 

EXTRACTS  FROM  REVIEWS. 

“The  book  should  serve  as  an  excellent  guide  to  students  who  are  commencing  the 
work  of  analytical  chemistry  as  applied  to  food,  and  who  have,  of  course,  a knowledge  of 
chemistry  and  laboratory  practice.  ” — Lancet. 

“The  work  is  designed  to  furnish  a concise  summary  of  analytical  methods  employed 
in  Food  Analysis,  and  it  must  be  conceded  that  the  authors  have  attained  their  object.”— 
British  Medical  Journal. 

With  many  Illustrations.  In  one  l2mo.  vol.  of  383  pages.  Price  11s.  net. 

Weight,  2.1  lbs.  Prix,  14  frs.  ; poids,  li  kilos. 


PUBLISHED  BY  IiEBMAN,  LIMITED. 
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Just  Ready. 

MacLENNAN  -Abdominal  Examination  and  Manipu- 
lation in  Pregnancy.  By  Alexander  MacLennan,  M.B.,  CM. 
(Glasgow),  Extra  Dispensary  Surgeon,  Western  Infirmary,  Glasgow,  etc. 
With  an  Introduction  by  Professor  Murdoch  Cameron,  Regius  Professor  of 
Midwifery  and  I fiseases  of  Women,  University  of  Glasgow,  etc. 

EXTRACTS  FROM  REVIEWS 

“ The  author  has  produced  a convenient  book  of  reference,  which  ought  to  be  valuable 
to  those  interested  in  the  study  and  practice  of  obstetrics,  and  he  has  drawn  attention  to 
a subject  which  we  hope  will  in  future  be  more  adequately  treated  in  our  text-books.” — 
lottrnal  of  Obstetrics  and  Gymccology. 

“The  book  will  repay  perusal,  and  if  it  be  the  means  of  promoting  greater  attention  to 
abdominal  examination  during  labour  it  will  serve  a useful  purpose.” — Scottish  Medical  and 
Surgical  Journal. 

“Leaving  the  medical  student  out  of  the  question,  we  recommend  Dr.  MacLennan’s 
industrious  epitome  of  the  facts  bearing  upon  abdominal  manipulation  in  pregnancy  to  the 
careful  perusal  of  obstetric  tutors  and  medical  practitioners.” — Practitioner. 

One  Crown  8vo.  volume,  of  267  pages.  Illustrated.  Price,  bound  in  cloth,  6s 
Weight,  1A  lbs.  Prix,  7.50  frs.  ; poids,  kilo. 


McFARLAND— Serotherapy,  Vaccines,  and  Anti- 
toxins—Organotherapy — Blood-Letting,  etc.  — Principles  of 
Therapeutics.  See  Cohen,  Physiologic  Therapeutics,  page  5. 

In  Press. 

McKERRON— Pregnancy,  Labour,  and  Childbed,  with 

Ovarian  Tumour.  By  R.  G.  McKerron,  M.A.,  M.D.,  Physician  to  the 
Maternity  Hospital  : Assistant  to  the  Professor  of  Midwifery,  University  of 
Aberdeen  ; Senior  Physician  Royal  Hospital  for  Sick  Children,  Aberdeen. 

One  Crown  8vo.  volume  of  about  250  pages.  Price,  bound  in  cloth,  7s.  6d.  net. 
Weight,  2lbs.  Prix,  9.50  frs.  ; poids,  1 kilo. 


Just  Issued. 

McMURRICH — A Manual  of  Human  Embryology. 

The  Development  of  the  Human  Body.  By  J.  Playfair  McMurrich, 
Professor  of  Anatomy,  Medical  Department  of  the  University  of  Michigan, 
Ann  Arbor. 

One  12mo.  volume.  500  pages.  276  Illustrations.  Price  14s.  net.  Weight,  2.t  lbs. 

Prix,  17  frs. ; poids,  1.25  kilo. 

M ANDERS— The  Ferment  Treatment  of  Cancer  and 

Tuberculosis.  By  Horace  Mandkrs,  M.D.,  K.R.C.S.  (London). 

EXTRACT  FROM  REVIEW. 

“ This  is  a most  interesting  and  ably-written  book,  the  perusal  of  which  has  given  us 
genuine  pleasure.” — Glasgow  Medical  Journal. 

One  Royal  8vo.  volume.  With  Woodcuts  and  two  Coloured  Plates.  251  pages.  Price 
8s.  net.  Weight,  3^  lbs.  Prix,  10  frs. ; poids,  lj'  kilos. 
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MANTON — A Syllabus  of  Lectures  on  Human  Embry- 
ology. An  Introduction  to  the  Study  of  Obstetrics  and  Gynaecology,  with 
a Glossary  of  Embryological  Terms.  By  Walter  Porter  Manton,  M.D., 
Lecturer  on  Obstetrics  in  Detroit  College  of  Medicine ; Fellow  of  the 
Royal  Microscopical  Society,  of  the  British  Zoological  Society,  etc. 

EXTRACTS  FROM  REVIEWS. 

“ This  little  book  will  be  found  very  useful  to  both  students  and  teachers  of  embryology 
It  consists  of  very  good  notes  on  embryology,  which  will  serve  either  as  headings  for 
lectures  or  as  outline  of  the  subject  for  students.” — Dublin  Journal  of  Medical  Science. 

“ There  is  no  doubt  that  the  book  should  be  popular.” — Liverpool  Med.  Chir.  Journal. 

Interleaved  for  taking  Notes,  and  Illustrated  by  Outline  Drawings  and  Photo  En- 
gravings. l2mo.,  260  pages,  including  the  blank  leaves  for  Notes.  Price,  Cloth,  Bs. 
net.  Weight,  l£  lbs.  Prix,  6.50  frs. ; poids,  £ kilo. 

MILLARD — The  Influence  of  Hospital  Isolation  in 

Scarlet  Fever.  An  Appeal  to  Statistics.  Illustrated  by  Diagrams.  By 
C.  Killick  Millard,  M.D.,  D.Sc.,  Medical  Officer  of  Health  of  Burton- 
on-Trent  ; late  Medical  Superintendent  City  Fever  Hospitals,  Birmingham. 
Followed  by  a Discussion  by  Drs.  J.  T.  Wilson,  P.  Boobbyer,  Shirley 
Muri’HY,  A.  Newsholme,  and  others.  Reprinted  from  “ Public  Health,” 
April,  1901. 

Royal  8vo.,  art  paper  covers,  44  pages.  Price  Is.  net.  Weight,  I lb.  Prix,  1.50  frs. ; 

poids,  0.226  kilo. 

MITCHELL  and  GULLICK— Mechanotherapy.  See 

Cohen,  Physiologic  Therapeutics,  page  5. 

MOLL— Christian  Science,  Medicine,  and  Occultism. 

By  Albert  Moll,  M.D.,  of  Berlin.  Only  authorized  translation  from  the 
German  by  F.  J.  Rebman. 

EXTRACT  FROM  REVIEW. 

“ The  booklet,  though  written  in  a popular  style,  is  well  worth  reading  by  medical  men.” 
— British  Medical  Journal. 

Demy  8vo  , 48  pages,  paper  wrapper.  Price  7d.  net,  inclusive  of  postage. 
Weight,  4 ozs.  Prix,  .75  fr. ; poids,  0 25  kilo. 


fust  Ready. 

MONELL— A System  of  Instruction  in  X-Ray  Methods 

and  Medical  Uses  of  Light,  Hot-Air,  Vibration,  and  High- 
Frequency  Currents.  A Pictorial  System  of  Teaching  by  Clinical 
Instruction  Plates  with  explanatory  Text.  A series  of  Photographic  Clinics 
in  standard  uses  of  Scientific  'Therapeutic  Apparatus  for  Surgical  and 
Medical  Practitioners,  prepared  especially  for  the  Post-Graduate  Home  Study, 
Surgeons,  General  Physicians,  Dentists,  Dermatologists,  and  Specialists  in  the 
Treatment  of  Chronic  Diseases,  and  Sanitarium  Practice.  By  S.  H.  Monell, 
M.D.,  New  York,  Professor  of  Static  Electricity  in  the  International  Corre- 
spondence Schools;  Founder  and  Chief  Instructor  of  the  New  York  School 
of  Special  Electro-Therapeutics  ; Member  of  the  New  York  County  Medical 
Society  ; Member  of  King’s  County  Medical  Society ; Charter  Member  of 
the  Rontgen  Society  of  the  United  States;  formerly  Editor  of  the  Electro- 
Therapeutic  Department  of  the  Medical  Times  and  Register,  1S94-8; 
Author  of  “The  Treatment  of  Disease  by  Electric  Currents,”  “Manual  of 
Static  Electricity  in  X-Ray  and  Therapeutic  Uses,”  “ Elements  of  Correct 
Technique,”  “ Rudiments  of  Modern  Medical  Electricity,”  etc. 


One  Handsome  Royal  8vo.  volume,  Tbound  leather,  1,010  pp.  Price,  £3  5s. 

314  Handsome  Half-tone  Illustrations.  Weight,  6 lbs.  Prix,  81.90  frs. ; poids,  3 kilos. 


PUBLISHED  BY  REBMAN , LIMITED. 
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MONTGOMERY— Practical  Gynecology.  A Compre- 
hensive Text-book  for  Students  and  Physicians.  By  E.  E.  Montgomery, 
M.D.,  Professor  of  Gynecology,  Jefferson  Medical  College;  Gynecologist  to 
the  Jefferson  Medical  College  and  St.  Joseph’s  Hospitals;  Consulting  Gyne- 
cologist to  the  Philadelphia  Lying-in  Charity.  With  527  Illustrations,  nearly 
all  of  which  have  been  drawn  and  engraved  specially  for  this  work,  for  the 
most  part  from  original  sources. 

An  effort  has  been  made  to  make  a comprehensive  work  upon  the  subject,  giving  the 
experience  and  methods  of  the  most  careful  men,  while  the  author’s  own  experience 
has  been  utilized  to  indicate  that  which  he  has  found  most  useful  and  worthy  of 
acceptance. 

Each  general  subject  is  considered  with  reference  to  its  influence  upon  the  ENTIRE 
genital  tract,  and  the  work  is  divided  into  sections  rather  than  chapters. 

This  course,  although  a departure  from  the  ordinary  text-book  arrangement,  is  that 
which  experience  has  demonstrated  to  be  most  effective  in  impressing  the  subject  upon  the 
mind,  and  would  seem  to  be  preferable  to  him  who  uses  the  book  to  refresh  his  knowledge 
upon  some  particular  subject. 

It  is  the  only  book  on  Gynecology  which  deals  with  the  medical  side  as  well  as 
the  surgical  aspect  of  the  subject. 

The  illustrations  are  arranged  solely  with  the  purpose  of  rendering  clear  the  text,  and  to 
promote  the  work  of  diagnosis  and  treatment. 

EXTRACTS  FROM  REVIEWS. 

“ Dr.  Montgomery  is  to  be  heartily  congratulated  on  the  production  of  this  volume. 
Unlike  many  of  the  treatises  on  this  subject,  it  represents  a compilation  of  facts 
acquired  through  a matured  experience,  by  which  means  the  author  is  enabled  to 
discriminate  with  considerable  weight  between  the  many  methods  of  treatment  recom- 
mended by  individual  workers  and  writers. 

“ It  is  refreshing  to  note  the  conservative  spirit  in  which  treatment  is  laid  before  the 
reader  ; the  radical  modern  surgical  methods,  though  fully  and  ably  described,  are  not 
made  to  swamp  the  less  heroic  but  equally  beneficial  methods  of  procedure.  Thus  the 
electrical  treatment  of  fibromyomata  of  the  uterus  is  discussed  in  as  full  a manner  as  the 
various  operations  of  myomectomy  and  hysterectomy.  The  palliative  measures  for 
treating  cases  of  inoperable  cancer  are  perhaps  more  fully  laid  down  than  in 
any  other  text-book.  That  this  is  as  it  should  be  is  evident  when  we  consider  the  vast 
proportion  of  such  cases  which  come  under  the  care  of  the  gynecologist.  At  the  same 
time,  the  most  radical  operative  measures  for  the  removal  of  the  disease  are  described  in 
great  detail. 

“The  sectional  method  employed  in  the  classification  of  the  subject  in  general  appears 
more  involved  than  the  time-honoured  mode  of  discussing  the  diseases  of  the  individual 
organs,  and  must  be  confusing  from  a reference  aspect.  Each  subject,  however,  is 
treated  in  a masterly  fashion,  the  clinical  features,  diagnosis,  and  treatment 
are  lucidly  explained,  and  bear  the  stamp  of  conversance  with  the  rapid 
advances  which  are  at  present  associated  with  this  branch  of  medicine.  The 
designation  of  the  work  as  a ‘ Practical  Gynecology  ’ by  no  means  represents  its  true 
character,  which,  though  eminently  practical,  is  at  the  same  time  a complete  text-book  on 
the  subject. 

“ The  chapter  on  extra-uterine  gestation  is  extremely  full,  but  too  little  stress  seems  to 
be  laid  on  the  symptoms  of  intraperitoneal  haemorrhage  being  so  often  due  to  the  escape 
of  blood  from  the  separating  ovum  through  the  patent  abdominal  ostium  of  the  Fallopian 
tube,  and  thus  simulating  actual  rupture.  Complete  closure  of  the  abdominal  ostium  after 
the  eighth  week  is  not  in  accordance  with  practical  experience.  The  pathology  of  deciduoma 
malignum,  and  fibrocysts  of  the  uterus,  are  somewhat  scantily  described,  and  deserve  more 
attention. 

“The  illustrations  are  quite  afeature,  being  in  great  profusion,  and  admir- 
ably chosen.  In  this  connection  it  seems  a pity  that  more  micro-photography  instead 
of  diagrammatic  representations  of  microscopic  appearances  had  not  been  used.  As  a 
whole,  the  illustrations  show  a distinct  advance  to  any  we  have  seen  in  a similar  text-book, 
and  the  work  may  be  considered  as  in  the  very  forefront  of  recent  publications,  and  will 
certainly  have  a ready  acceptance  as  a reference  work  of  much  value,  which  must  reflect 
great  credit  on  its  author,  who  again  maybe  heartily  congratulated  on  its  production.’’ — 
F.  W.  N.  H AULT  AIN,  in  Edinburgh  Medical  Journal. 

“ Of  the  many  text-books  on  gynecology  which  have  appeared  during  the  last  few  years, 
this  work  as  a clinical  guide  to  the  busy  practitioner  is  certainly  in  the  front  rank.  The 
author  everywhere  draws  upon  his  wide  experience  for  the  various  clinical  data  and  the 
deductions  he  makes  from  these  are  the  result  of  mature  judgment.” — Glasgow  Medical 
Journal. 

One  handsome  Royal  8vo.  volume  of  over  800  pages,  handsomely  bound  in  half-Persia 
leather.  Price  25s.  net.  Weight,  5 lbs.  with  packing.  Prix,  31.50  firs. ; poids, 
2\  kilos. 
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MOORE— Meteorology,  Practical  and  Applied.  By  Sir 

John  William  Moore,  B.A.,  M.D.,  M.Ch.  Univ.  Dublin,  Fellow  of  the 
Royal  Meteorological  Society  ; Diplomate  in  State  Medicine  and  ex-Scholar 
of  Trinity  College,  Dublin. 

Outline  ok  Contents.— Part  I.— Introduction.  Part  II.— Physical  Properties  of 
the  Atmosphere— Air— Temperature— Radiation— Atmospherical  Pressure  — Atmo- 
spherical Moisture  (Atmidometry,  Hygrometry,  Ilyetoraetry)— Atmospherical  Elec- 
tricity. Part  III.— Weather  and  Climate.  Part  IV.— The  Influence  of  Weather 
and  Season  on  Disease. 

EXTRACTS  FROM  REVIEWS. 

“ Dr.  Moore  does  not  presuppose  much  knowledge  on  the  part  ot  his  readers,  and  does 
not  disdain  to  enter  into  minute  details  on  the  elementary  laws  of  physics— the  different 
kinds  of  thermometer,  the  history  and  principles  of  the  barometer  and  such-like.  . . . We 
may  say  in  conclusion  that  the  work  is  well  printed  and  handsomely  illustrated.”— Lancet. 

“ A good  and  pretty  book— the  work  of  an  accomplished  physician.  "—British  Medical 
Journal. 

“ It  is  to  be  hoped  that  this  little  book  will  meet  with  the  popularity  it  deserves.  Well 
written  and  well  illustrated.” — Nature. 

One  volume,  Crown  8vo.,  438  pages.  Profusely  Illustrated.  Price,  6s.  net.  Weight 

2 lbs.  Prix,  7. 50  frs.  ; poids,  l kilo. 


MORISON— Cardiac  Failure  and  its  Treatment.  With 

Especial  Reference  to  the  Use  of  Baths  and  Exercises  in  Failure  of  the 
Heart.  By  Alexander  Morison,  M.D.  Edin.,  F.R.C.P.  Edin.,  etc.* 
Physician  to  Out-Patients,  Great  Northern  Central  Hospital  and  Children’s 
Hospital,  Paddington  Green ; Physician  to  St.  Marylebone  Dispensary, 
London.  With  an  Appendix  by  Medizinalrath  Dr.  Groedel,  of  Bad 
Nauheim. 

EXTRACTS  FROM  REVIEWS. 

“We  can  confidently  recommend  this  work  as  a comprehensive,  thorough,  and  liberal 
exposition  of  what  is  at  present  known  on  the  subject  treated  of.” — Journal  of  Balneology 
and  Climatology. 

“Dr.  Morison  has  evidently  studied  his  subject  closely,  and  states  his  views  modestly. 
The  work  is  well  illustrated  and  indexed.” — British  Medical  Journal. 

“ The  work  as  a whole  is  of  the  greatest  value  to  all  who  desire  to  have  a calm  and  dis- 
passionate exposition  of  a very  difficult  subject.” — Edinburgh  Medical  Journal. 

“..  . . The  work  is  highly  interesting  and  instructive.  . . .” — Indian  Medical  Record. 

“ . . . We  can  with  confidence  recommend  the  work.  . . .” — Glasgow  Medical  Journal. 

In  one  Demy  8vo.  volume  of  276  pages.  Profusely  Illustrated  with  over  100  woodcuts 
and  sphygmograms  of  cases,  and  four  plates  exhibiting  48  figures.  Price,  6s.  net. 
Weight,  14  lbs.  Prix,  7.50  frs. ; poids,  £ kilo. 


MYGIND  — Deaf-Mutism.  An  Exhaustive  and  Critical 

Study.  By  Holger  Mygind,  M.D.  (Copenhagen). 

Outline  of  Contents. — Introduction  : Definition — Literature — Classification.  Dis- 

tribution: Countries — Races — Religions — Sexes.  Etiology  and  Pathogenesis:  Natural 
Influences — Unfavourable  Social  and  Hygienic  Conditions — Heredity — Consanguinity 
— Other  Remote  Causes — Immediate  Causes — Morbid  Anatomy — Symptoms  and 
Sequels — Diagnosis — Prognosis — Treatment. 

EXTRACTS  FROM  REVIEWS. 

“ We  venture  to  say  that  few  students  can  realize  the  amount  of  interest  with  which  this 
subject  can  be  invested  until  they  have  perused  this  charming  treatise.”— Jourtml  of  Laryn- 
gology, Rhinology,  and  Otology. 

“ The  author  has  produced  an  exhaustive  treatise,  which  is  not  likely  soon  to  find  a 
rival.” — Glasgow  Medical  Journal. 

“The  work  is  a praiseworthy  contribution  to  the  subject.” — British  Medical  Journal. 

“ To  such  as  wish  to  study  the  pathology  of  deaf-mutism  the  book  will  be  of  great 
value.” — British  Deaf  Mute. 

Crown  8vo.,  over  300  pages.  Price,  Cloth,  6s.  net.  Weight,  1 lb.  Prix,  7.50  frs. ; 

poids,  4 kilo. 
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NEUSTATTER— Skiascopy.  Phantoms  and  Diagrammatical 

Models,  with  a Guide  to  the  Theory  and  Practice  of  Skiascopy.  By  Otto 
Neustatter,  M.D.  Munich. 

Price,  with  Descriptive  Booklet,  £2  2s.  Prix,  03  frs.;  or  the  booklet  only,  price  Is.  net. 

NEWSHOLME  — A Contribution  to  the  Study  of 

Epidemic  Diarrhoea.  Reprinted  from  “ Public  Health,”  December,  1899. 

Royal  8vo.,  73  pages.  Illustrated  with  32  tables.  Price,  paper  covers,  2s.  6d.  net. 
Weight,  h lb.  Prix,  3.25  frs. ; poids,  j kilo. 


CHEAPER  EDITION  NOW  READY. 

NEWSHOLME— Epidemic  Diphtheria : a Research  on 

the  Origin  and  Spread  of  the  Disease  from  an  International 
Standpoint.  By  Arthur  Newsholme,  M.D.  Lond.,  M.R.C.P.  Lond., 
Examiner  in  State  Medicine  to  the  University  of  London  ; Medical  Officer 
of  Health  for  Brighton. 

One  Demy  8vo.  volume  of  196  pages.  Illustrated  with  charts  and  diagrams.  Price 
5s.  net.  Weight,  2i  lbs.  Prix,  6.50  frs. ; poids,  1|  kilos. 

NEW  TABLES  OF  THE  LOCAL  GOVERNMENT 

BOARD  AND  SCHEDULES — Issued  by  the  Incorporated  Society 
of  Medical  Officers  of  Health.  (See  page  37.) 

Just  Ready. 

PERSHING— The  Diagnosis  of  Nervous  and  Mental 

Diseases.  By  Howell  T.  Pershing,  M.D.,  Professor  of  Nervous  and 
Mental  Diseases  in  the  University  of  Denver  ; Neurologist  to  St.  Luke’s 
Hospital ; Consultant  in  Nervous  and  Mental  Diseases  to  the  Arapahoe 
County  Hospital ; Member  of  the  American  Neurological  Association. 

EXTRACTS  FROM  REVIEWS. 

“The  work  throughout  is  marked  by  clearness  of  description  and  real  insight  into  the 
complex  and  difficult  subject  of  diagnosis  of  nervous  and  mental  diseases  generally.  It 
will  undoubtedly  be  a helpful  work  to  the  practitioner  and  to  senior  students.  The 
printing  is  clear  and  the  text  is  remarkably  free  from  errors.” — Lancet. 

“Though  not  large,  the  book  contains  a good  deal  of  information,  is  carefully  written, 
and  we  find  its  statements  trustworthy.” — Quarterly  Medical  Journal. 

In  one  I2mo.  volume  of  223  pages,  with  many  Illustrations.  Price  6s.  net.  Weight 

lbs.  Prix,  7.50  frs.  ; poids,  \ kilo. 

POTTER— A Handbook  of  Materia  Medica,  Pharmacy, 

and  Therapeutics.  Including  the  Action  of  Medicines,  Special  Thera- 
peutics of  Disease,  Official  and  Practical  Pharmacy,  and  Minute  Directions 
for  Prescription  Writing,  etc.,  including  over  600  Prescriptions  and  Formulas. 
By  Samuel  O.  L.  Potter,  M.A.,  M.D.,  M.R.C.  P.  (Lond.),  Professor  of  the 
Principles  and  Practice  of  Medicine  and  Clinical  Medicine  in  the  College  of 
Physicians  and  Surgeons,  San  Francisco ; Brigade  Surgeon  U.S.  Volunteers. 

EXTRACTS  FROM  REVIEWS. 

“ The  book  should  prove  to  be  very  serviceable  both  to  practitioners  and  to  students." — 
Glasgow  Medical  Journal. 

“ We  are  glad  to  welcome  another  edition  (the  eighth)  of  this  valuable  work.  . . . We 
feel  we  may  recommend  the  book  to  British  practitioners  with  the  utmost  confidence." — 
Lancet. 

Seventh  Edition,  Revised  and  Enlarged.  One  Royal  8vo.  volume.  Pp.  929.  Price, 
cloth,  21b.  Weight,  4!j  lbs.  Prix,  26.50  fins. ; poids,  2^  kiloB. 
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POWER— Some  Points  in  the  Anatomy,  Pathology,  and 

Surgery  of  Intussusception  : Being  the  Hunterian  Lectures  for  1897, 
delivered  at  the  Royal  College  of  Surgeons.  By  D’Arcy  Power,  M.A., 
M B.  Oxon.,  F.R.C.S.  Eng.,  Surgeon  to  the  Victoria  Hospital  for  Children, 
Hunterian  Professor  of  Pathology  and  Surgery  at  the  Royal  College  of 
Surgeons  of  England,  etc. 

EXTRACTS  FROM  REVIEWS. 

“The  book  is  exceedingly  well  written,  and  for  a long  time  to  come  must  be  looked 
upon  as  a record  of  the  most  complete  investigation  and  study  which  we  possess  of  this 
very  important  affection." — Lancet. 

“These  lectures  are  likely  to  prove  very  useful  to  practical  surgeons  and  also  to  those 
who  are  investigating  the  wider  subject  of  hernia." — British  Medical  Journal. 

“ A record  of  original  work  and  thought  written  in  scholarly  style,  and  forming  a 
valuable  addition  to  our  knowledge.” — Practitioner. 

“ . . . The  book  contains  a great  deal  that  is  new.  It  is  well  illustrated  and  extremely 
well  written.  We  strongly  recommend  it  to  our  readers.  . . .’’—Middlesex  Hospital 
Journal. 

One  Demy  8vo.  volume.  88  pages.  Illustrated.  Price,  2s.  6d.  net.  Weight,  f lb. 

Prix,  3.25  frs. ; poids,  0.336  kilo. 


New  Edition  in  Preparation. 

PRINGLE— A Pictorial  Atlas  of  Skin  Diseases  and 

Syphilitic  Affections,  In  71  Photo-lithochromes  from  models  in  the 
Museum  of  the  Saint  Louis  Hospital,  Paris,  with  49  explanatory  Woodcuts, 
and  text  by  members  of  the  Hospital  staff,  viz. : E.  Besnier,  A.  Fournier, 
Tenneson,  Hallopeau,  Du  Castel,  Henry  Feulard,  and  L.  Jacquet.  Only 
Authorized  English  Translation  edited  by  J.  J.  Pringle,  M.B.,  F.R.C.P., 
Physician  to  the  Department  for  Diseases  of  the  Skin  at  the  Middlesex 
Hospital,  London. 

PRELIMINARY  NOTICE. 

The  new  (Second)  Edition  now  in  active  preparation  for  early  issue  will  be  published  in 
an  entirely  different  style  as  compared  with  the  First  Edition.  It  is  the  intention  of  the 
Publishers  to  issue  the  plates  in  a neat  portfolio,  and  the  text,  which  has  been  entirely 
revised  and  much  new  matter  added  by  Dr.  Pringle,  including  many  valuable  points  on 
Treatment,  in  one  handsome  volume. 

It  is  confidently  anticipated  that  the  price  of  the  Second  Edition  of  this  standard  work, 
which  will  probably  not  exceed  £3  10s.,  will  bring  it  within  the  reach  of  every  general 
Pratctitioner. 

ANNOUNCEMENT  REGARDING  FIRST  EDITION. 

This  Atlas  is  intended  as  a pictorial  representation  of  several  of  the  famous  models  of 
dermatological  and  syphilitic  cases  at  the  Saint  Louis  Hospital  of  Paris,  most  of  which 
have  been  executed  by  M.  Baretta. 

A novel  and  most  important  feature  is  the  introduction  of  explanatory  woodcuts  in 
the  text,  which  greatly  add  to  the  easier  understanding  of  the  excellent  plates.  These 
plates  are  produced  by  the  best  process  of  photo-lithography,  for  which  reason  they  have 
been  styled  “ Photo-Lithochromes.”  They  are  executed  by  the  foremost  Parisian  artists, 
and  are  of  exceptional  correctness,  beauty,  and  merit. 

The  object  of  the  publishers  in  issuing  the  Atlas  is  to  place  at  the  disposal  of  every 
medical  man  and  student,  and  at  a popular  price  within  the  reach  of  all,  the  fruits  of 
experience  stored  in  this  unrivalled  collection. 

Actual  cases  can  readily  be  compared  with  the  plates,  thus  facilitating  a quick  and 
correct  diagnosis,  while  the  accompanying  text  suggests  all  the  elements  of  rational  treat- 
ment. 

A FEW  EXTRACTS  FROM  A LARGE  NUMBER  OF  REVIEWS  OF  THE 

FIRST  EDITION. 

“In  all  these  plates  the  artistic  execution  is  uniformly  excellent.” — British  Medical 
Journal. 

“ . . . The  texture  of  the  skin,  as  well  as  the  characteristics  of  the  lesions,  are  so  well 
portrayed  as  to  leave  nothing  to  be  desired.  . . . We  have  rarely  seen  a representation  of 
skin  diseases  give  so  vivid  an  impression  of  the  actual  condition.  ’ — British  Journal  oj 
Dermatology. 

“It  is  truly  an  international  work,  which  bids  fair  to  mark  an  epoch  in  the  study  ol 

skin  diseases.”- — Dublin  Journal  of  Medical  Science. 
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A Pictorial  Atlas  of  Skin  Diseases  and  Syphilitic  Affections — continued. 

“ If  the  succeeding  parts  of  this  Atlas  are  to  be  similar  to  Part  I.,  now  before  us,  we 
have  no  hesitation  in  cordially  recommending  it  to  the  favourable  notice  of  our  readers  as 
one  of  the  finest  dermatological  Atlases  with  which  we  are  acquainted.  Part  I.  is  sent  out 
to  the  world  with  the  good  wishes  of  such  eminent  British  dermatologists  as  Jonathan 
Hutchinson,  Malcolm  Morris,  Stephen  Mackenzie,  J.  J.  Pringle,  Colcott  Fox,  and  others, 
and  it  is  well  worthy  of  their  commendatory  remarks.  Perhaps  no  subject  in  the  whole 
range  of  medicine  lends  itself  more  readily  to  the  pictorial  art  than  that  of  skin  diseases, 
and  the  four  coloured  plates  (photo-lithochromes)  accompanying  the  present  Fasciculus 
are  most  beautifully  and  faithfully  executed.  The  letterpress  is  excellently  written,  and 
the  appreciation  of  the  coloured  plates  is  much  facilitated  by  illustrations  in  black  and 
white,  with  explanatory  letters,  referred  to  in  the  text.  In  every  respect  the  editors  and 
publishers  are  to  be  complimented  on  the  excellence  of  the  work,  to  which  we  wish  every 
success.” — Glasgow  Medical  Journal. 

“ The  Atlas  is  one  which  from  its  price  will  be  within  the  reach  of  the  bulk  of  the  pro- 
fession ; and,  judging  from  the  part  now  published  (Part  I.),  no  one  could  rise  from  an 
examination  and  perusal  without  having  gained  materially  in  knowledge.” — Edinburgh 
Medical  Journal. 

“ The  introduction  of  explanatory  woodcuts  in  the  text  is  a novel  and  most  important 
feature,  which  greatly  furthers  the  easier  understanding  of  the  excellent  plates,  than  which 
nothing,  we  venture  to  say,  has  been  seen  better  in  point  of  correctness,  beauty,  and 
general  merit.” — New  York  Medical  Journal. 

The  First  Edition,  in  one  Imperial  4to.  volume  (11  in.  by  15  in.)  of  over  350  pages,  and 
triple  index,  showing  (1)  List  of  Subjects,  (2)  List  of  Plates,  (3)  List  of  Authors  ; 
all  alphabetically  arranged.  Half-Persia  leather,  flexible  back,  leather  tips,  gilt 
edges.  The  Plates  are  mounted  on  vegetable  parchment.  Price,  £7  7s.  net.  On 
easy  terms.  Weight,  12  lbs.  Prix,  175  frs.  ; poids,  6i  kilos. 

PROGRESSIVE  MEDICINE.— A Quarterly  Digest  of 

Advances,  Discoveries,  and  Improvements  in  the  Medical  and  Surgical 
Sciences,  covering  the  Entire  Domain  of  Practical  Medicine.  Edited  by 
Hobart  Amory  Hare,  M.D.,  Professor  of  Therapeutics  in  the  Jefferson 
Medical  College,  Philadelphia,  etc.  The  series  of  1903  will  be  issued  in 
the  following  order : Vol.  I.,  March;  Vol.  II.,  June;  Vol.  III.,  September; 
Vol.  IV.,  December.  Containing  over  1,600  large  octavo  pages,  fully 
illustrated.  Handsomely  bound  in  cloth. 

“Progressive  Medicine  ” is  a quarterly  digest  of  progress,  discoveries,  and  improvements 
in  the  medical  and  surgical  sciences.  It  is  not  a mass  of  undigested  clippings  from 
periodical  literature,  so  common  in  “Year  Books,”  but  a work  of  original  conception,  its 
contributors  being  men  of  the  highest  eminence  and  authority,  with  a full  and  compre- 
hensive knowledge  of  medical  advance  and  attainment. 

Taken  continuously,  it  forms  annually  a practical  treatise  covering  completely  the  broad 
domain  of  medicine  and  surgery,  by  men  who  have  interwoven  their  wide  acquaintance  of 
the  year’s  literature  with  their  personal  experience  in  private  practice  and  in  hospitals. 
The  articles  contain  everything  that  is  worth  knowing,  and  achievement  is  given  in  place 
of  mere  opinion.  It  is  a clear  and  concise  record  of  new  attainments,  and  as  such  it  has 
won  the  approval  of  the  highest  professional  authorities,  together  with  the  tribute  of  a 
Grand  Prize  awarded  at  the  late  Paris  Exposition. 

A glance  at  the  contents  given  below  is  the  best  convincement  of  its  high  value  to  every 
practitioner  of  medicine  and  surgery  who  desires  to  keep  abreast  of  the  times,  and  who 
appreciates  the  value  of  new  ideas  which  will  help  towards  greater  success  in  practice. 

The  volumes  contain  from  four  to  five  hundred  pages  each,  liberally  illustrated,  and  are 
issued  in  the  best  style  as  to  paper,  press-work  and  binding. 

Annual  subscription,  carriage  paid  in  the  United  Kingdom,  £2  12s.  6d.  net,  payable  in 
advance,  cash  with  order.  Prix,  66.20  frs.  Single  volumes,  15s.  net.  Prix,  18  90  frs. 

ARRANGEMENT  OF  CONTENTS. 
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The  Surgery  of  the  Head,  Neck,  and  Chest. 

By  Charles  II.  Frazier,  M.D.,  Professor  of  Clinical  Surgery  in  the  University  of 
Pennsylvania,  and  Surgeon  to  the  University,  Howard  and  Philadelphia  Hospitals. 

The  Diseases  of  Children. 

By  F I.OYU  M.  Crandall,  M.D.,  Adjunct  Professor  of  Pediatrics,  New  York  Poly- 
clinic Hospital ; Visiting  Physician  to  the  Minturn  Hospital  for  Scarlet  Fever  and 
Diphtheria  ; Consulting  Physician  to  the  Infants’  and  Children’s  Hospital,  N.Y. 
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Pathology. 

By  Ludwig  Hkktoen,  M.D.,  Professor  of  Pathology  in  Rush  Medical  College 
Chicago.  “ * 

Infectious  Diseases,  including  Acute  Rheumatism,  Croupous 
Pneumonia,  and  Influenza. 

By  James  B.  Herrick,  M.D.,  Professor  of  Medicine,  Rush  Medical  College 
Chicago.  s ’ 

Laryngology  and  Rhinology. 

By  A.  Logan  Turner,  M.D.,  F. R.C.S.  Edin.,  Surgeon  for  Diseases  of  the  Ear  and 
Throat  to  the  Deaconess  Hospital  ; Assistant  to  the  Lecturer  on  Laryngology  in  the 
University  of  Edinburgh. 

Otology. 

By  Robert  L.  Randolph,  M.D.,  Associate  Professor  of  Ophthalmology  and  Otology 
in  Johns  Hopkins  University,  and  Associate  Ophthalmic  and  Aural  Surgeon  to  Johns 
Hopkins  Hospital. 
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Volume  II.— June. 

Surgery  of  the  Abdomen,  including  Hernia. 

By  William  B.  Coley,  M.D.,  Assistant  Clinical  Lecturer  on  Surgery,  College  of 
Physicians  and  Surgeons  ; Surgeon  to  the  Hospital  for  the  Ruptured  and  Crippled, 
New  York. 

Gynecology. 

By  John  G.  Clark,  M.D.,  Professor  of  Gynecology  in  the  University  of  Pennsylvania, 
Philadelphia. 

Diseases  of  the  Blood,  Diathetic  and  Metabolic  Disorders; 
Diseases  of  the  Spleen,  Thyroid  Gland,  and  Lymphatic 
System. 

By  Alfred  Stengel,  M.D.,  Professor  of  Clinical  Medicine  in  the  University  of 
Pennsylvania,  Philadelphia. 

Ophthalmology. 

By  Edward  Jackson,  M.D.,  Emeritus  Professor  of  Ophthalmology,  Philadelphia 
Polyclinic,  Philadelphia. 
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Volume  III. — September. 

Diseases  of  the  Thorax  and  its  Viscera,  including  the  Heart, 
Lungs,  and  Bloodvessels. 

By  William  Ewart,  M.D.,  F.R.C.P.,  Physician  to,  and  Joint  Lecturer  on  Medicine 
at,  St.  George’s  Hospital,  and  Physician  to  the  Belgrave  Hospital  for  Children, 
London. 

Diseases  of  the  Nervous  System. 

By  William  G.  Stiller,  M.D.,  Assistant  Clinical  Professor  of  Nervous  Diseases  in 
the  University  of  Pennsylvania ; Clinical  Professor  of  Nervous  Diseases  in  the 
Women’s  Medical  College  and  in  the  Philadelphia  Polyclinic. 

Obstetrics. 

By  Richard  C.  Norris,  M.D.,  Lecturer  on  Clinical  and  Operative  Obstetrics  in  the 
University  of  Pennsylvania,  Philadelphia  ; Physician  to  the  Preston  Retreat. 

Diseases  of  the  Skin,  and  Syphilis. 

By  William  Gottheil,  M.D.,  Professor  of  Dermatology  and  Syphilology,  New 
York  School  of  Clinical  Medicine ; Consulting  Dermatologist  to  the  Sheltering 
Guardian  Orphan  Asylum  ; Dermatologist  to  the  Lebanon  and  Beth-Israel  Hospital, 
and  to  the  German  West  Side  Dispensary,  New  York. 

Index. 

Volume  IV. — December. 

Diseases  of  the  Digestive  Tract  and  Allied  Organs,  the  Liver, 
Pancreas,  and  Peritoneum. 

By  John  C.  Hemmeter,  M.D.,  Professor  of  Clinical  Medicine  in  the  University  of 
Maryland,  Baltimore. 

Genito-Urinary  Diseases  in  the  Male. 

By  William  T.  Belfield,  M.D.,  Professor  of  Surgery  in  the  Rush  Medical 
College  ; Professor  of  Surgery  in  the  Chicago  Polyclinic. 

Fractures,  Dislocations,  Amputations,  Surgery  of  the  Extremi- 
ties, and  Orthopedics. 

By  Joseph  C.  Bloodgood,  M.  D.,  Associate  in  Surgery,  Johns  Hopkins  University, 
Baltimore. 
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Diseases  of  the  Kidneys. 

By  John  Rose  Bradford,  M.D.,  F.R.C.  P.,  F.R.S.,  Physician  to  the  University 
College  Hospital,  London. 

Therapeutics. 

By  E.  Quin  Thornton,  M.D.,  Assistant  Professor  of  Materia  Medica  in  the  Jeffer- 
son Medical  College,  Philadelphia. 

Physiology. 

By  Ai.ukrt  P.  Brubaker,  M.D.,  Adjunct  Professor  of  Physiology  and  Hygiene  in 
the  Jefferson  Medical  College,  Philadelphia. 

Hygiene. 

By  Charles  Harrington,  M.D.,  Assistant  Professor  of  Hygiene,  Harvard  Medical 
School,  Boston. 
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ROBERTS— Modern  Surgery.  The  Principles  and  Practice 

of  Modern  Surgery.  For  the  use  of  Students  and  Practitioners  of  Medicine 
and  Surgery.  By  John  B.  Roberts,  M.D.,  Professor  of  Anatomy  and 
Surgery  in  the  Philadelphia  Policlinic ; Mutter  Lecturer  on  Surgical 
Pathology  of  the  College  of  Physicians  of  Philadelphia. 

EXTRACTS  FROM  REVIEWS. 

“ Regarded  as  a whole,  the  book  may  be  considered  to  be  a very  trustworthy  guide  to 
the  student  or  practitioner,  and  there  are  but  really  few  statements  to  which  we  could  take 
exception.  ” — Lancet. 

“.  . . A very  practical  work  in  which  the  essential  features  of  every  subject  are  treated 
in  a simple,  direct,  and  concise  manner.  It  is  much  more  ‘ up  to  date  ’ than  it  is  ordinarily 
possible  to  make  a book  in  these  days  of  rapid  advance  of  the  surgical  art,  and  is  to  be 
recommended  to  those  in  need  of  a concise  and  recent  treatise  on  surgery.  The  book  is 
well  illustrated.  . . — Annals  of  Surgery. 

New  (second)  and  revised  edition.  In  one  very  handsome  8vo.  volume  of  838  pages. 
With  474  Engravings,  and  8 Plates  in  colour  and  monochrone.  Price,  Cloth, 
21s.  net.  Weight,  5 lbs.  Prix,  26.50  frs. ; poids,  2i  kilos. 

ROBINSON  and  CRIBB  — The  Law  and  Chemistry 

relating  to  Food  and  Drugs.  A Manual  for  the  use  of  persons 
practically  interested  in  the  administration  of  the  law  relating  to  the 
Adulteration  and  Unsoundness  of  Food  and  Drugs.  By  H.  Mansfield 
Robinson,  LL.D.  Lond.,  Solicitor  and  Clerk  to  the  Shoreditch  Sanitary 
Authority;  and  Cecil  H.  Cribb,  B.Sc.  Lond.,  F.I.C.,  F.C.S.,  Public 
Analyst  to  the  City  of  Westminster. 

SYNOPSIS  OF  CONTENTS. 

Introduction. — Importance  of  subjects  (i)  As  regards  health  ; (2)  Expenditure  on 
food  and  administration  of  the  law ; (3)  As  regards  commerce — suggested  amendments 
in  the  law  and  its  administration. 

PartI. — Law  of  Adulteration  and  Unsoundness. — A.  Adulteration.  B.  Unsoundness. 
C.  Civil  Remedies  for  Damages.  D.  Practical  Forms. 

Part  II. — Chapter  I.  The  Aims  and  Objects  of  Adulteration,  Ostensible  and  Real — 
Fashion  and  Fancy  in  Adulteration — The  Public  Taste — Recent  Developments — The 
General  Effect  of  Food  Legislation  up  to  the  present  time.  Chapter  II.  The  Relation  of 
the  Public  Analyst  to  the  Local  Body  appointing  him  and  to  the  General  Public — Hints 
to  Food  Inspectors — Collection  and  Preservation  of  Samples — Analysts’  Certificates — 
Disputed  Cases — The  Government  Referees. 

Part  III. — Chemistry. 

EXTRACTS  FROM  REVIEWS. 

“.  . . The  chapters  are  sensibly  written,  clear  and  free  from  ambiguity  and  exaggeration, 
affording  a valuable  and  indispensable  collection  of  material  to  those  engaged  in  the  opera- 
tion of  tne  Food  and  Drugs  Act,  1875.” — Lancet. 

“ . . , This  able,  well-arranged,  and  very  useful  book  treats  the  subject  in  a fair  and 
impartial  spirit.” — Pall  Mall  Gasette. 

“ It  is  a distinct  novelty  to  find  the  treatment  of  the  law  on  the  subject  in  the  same 
volume  as  the  chemistry,  and  the  book  is  yet  of  convenient  size.  It  should  therefore  prove 
of  great  value  to  persons  conducting  prosecutions,  cross-examining  scientific  witnesses,  etc., 
on  account  of  its  portable  character  no  less  than  because  of  the  well-arranged  information 
it  contains.” — Pharmaceutical  Journal. 

“Certain  to  prove  exceedingly  useful  to  all  concerned.” — Western  Daily  Press. 

Crown  8vo.  Price,  Cloth,  6s.  net.  Weight,  2 lbs.  Prix,  7.50  frs. ; poids,  1 kilo. 
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ROSENAU-A  Practical  Guide  to  Disinfection.  For 

the  use  of  Sanitarians,  Health  and  Quarantine  Officers.  By  M.  J.  Rosenau 
M.D,  Director  of  the  Hygienic  Laboratory  and  Passed  Assistant  Surgeon’ 
U.S.  Marine  Hospital  Service,  Washington,  D.C.  With  a Supplement  by 
Francis  J.  Allan,  M.D.,  D.P.H.  Camb.,  F.R.S.,  M.O.H.  City  of  Westminster, 
late  Lecturer  on  Sanitary  Science,  King’s  College,  London.  Illustrated. 
Price,  bound  in  cloth,  9s.  Weight,  2 lbs.  Prix,  11.50  frs. ; poida,  l kilo 

ROSS— Intestinal  Intoxication  in  Infants;  or,  Septic 

Conditions  of  the  Infantile  Alimentary  Canal.  By  F.  W.  Forbes  Ross, 
M.D.  A short  and  practical  treatise,  well  up  to  date,  on  those  conditions 
usually  associated  with  Infantile  Diarrhoea,  Constipation,  Atrophy,  Rickets, 
etc.,  comprising  the  newest  Treatment  and  Methods  of  Feeding ; and  which 
ought  to  be  serviceable  and  useful  to  the  general  practitioner. 

EXTRACTS  FROM  REVIEWS. 

“ Will  be  of  no  little  value  to  practitioners.  The  author  has  evidently  made  a careful 
study  of  the  numerous  drugs  employed  in  the  treatment  of  the  alimentary  disorders  of 
infancy.” — British  Medical  Journal. 

“ The  book  contains  much  that  is  of  practical  value.” — Lancet. 
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Price,  Cloth,  4s.  net. 
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Weight,  1 lb. 


Prix,  5 frs. ; poids, 


RUGE.— Introduction  to  the  Study  of  Malarial  Diseases. 

By  Reinhold  Ruge.  Translated  by  P.  Edgar,  M.B.,  C.M.,  Edin.,  District 
Surgeon,  Ipsh.,  and  M.S.,  and  M.  Eden  Paul,  M.D.  Brux.,  M.R.C.S., 
L.R.C.P. 


Royal  8vo.,  about  136  pages. 


SAJOUS’  Annual  of  the  Universal  Medical  Sciences. 

1887 — 1896. 

Five  Royal  8vo.  volumes  in  each  issue,  comprising  2,500  pages.  Price,  Cloth,  65s.  net. 
the  set.  Single  volumes  at  21s.  net.  each.  Weight  of  the  set,  15  lbs.  Prix,  75 
frs.  ; poids,  7£  kilos.  Special  quotations  for  complete  sets. 
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SCHIFF— The  Therapeutics  of  the  Rontgen  Rays. 

By  Dr.  E.  Schiff  (Vienna).  Translated  by  W.  Deane  Butcher,  M.R.C.S., 
Surgeon  to  the  London  Skin  Hospital,  Fitzroy  Square. 

Royal  8vo.,  paper  covers.  36  pages.  Price,  Is.  net.  Weight,  £ lb.  Prix,  1.50  frs.  ; 

poids,  0.226  kilo. 

SELIGSON — Sex  Determination : A Treatise  on  the 

Control  of  Sex  in  Generation.  By  Exc.  Dr.  Ed.  von  Seligson.  Only 
Authorized  Translation  from  the  Second  Enlarged  German  Edition. 

SOLD  ONLY  TO  MEDICAL  MEN. 

Price  4s.  net.  Weight,  1 lb.  Prix,  5 frs.  ; poids,  J kilo. 

SHEILD— The  Causes,  Consequences,  and  Treatment 

of  Nasal  Obstruction.  By  A.  Marmaduke  Sheild,  M.B.,  F.R.C.S., 
Assistant-Surgeon  and  Surgeon  in  Charge  of  the  Throat  Department,  St. 
George’s  Hospital. 

This  work  contains  three  Clinical  Lectures  of  a practical  nature  delivered  by  the  Author 
at  St.  George’s  Hospital.  The  common  varieties  of  Nasal  Obstruction  are  especially  dealt 
with,  and  the  book  is  profusely  illustrated. 
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The  Causes,  Consequences,  and  Treatment  of  Nasal  Obstruction 

— continued. 

EXTRACTS  FROM  REVIEWS. 

“This  little  book  contains  ail  admirably  lucid  and  common-sense  account  oi  the 
common  conditions  covered  by  the  title.” — ■ Quarterly  Medical  Journal. 

“The  author's  remarks  are  so  sensible  and  so  marked  by  evidences  of  experience  and 
judicious  observation  that  we  can  recommend  them  as  well  worthy  of  close  study.” — 
Bristol  Medical  Journal. 

One  Demy  8vo.  volume  of  about  120  pages,  with  a number  of  Illustrations,  four  of 
which  are  in  colours.  Price,  5s.  net.  Weight,  1 lb.  Prix,  6.50  frs.  ; poids,  £ kilo. 

SODERBERG — The  Swedish  Manual  Treatment.  A 

short  Explanatory  Treatise.  By  John  Soderberg,  M.G. 

32  pages.  Limp  Cloth,  lettered  on  side.  Price, Is.  net.  Weight,  £ lb.  Prix,  1.50  frs.  ; 

poids,  0.226  kilo. 

Just  Ready.  Third  Edition , re-zvritten  and  enlarged. 

STARR—Diseases  of  the  Digestive  Organs  in  Infancy 

and  Childhood.  With  Chapters  on  the  Diet  and  the  General  Manage- 
ment of  Children  and  Massage  in  Pediatrics.  By  Louis  Starr,  M.D.,  Late 
Clinical  Professor  of  Diseases  of  Children  in  the  Hospital  of  the  University  of 
Pennsylvania,  etc. 

EXTRACTS  FROM  REVIEWS. 

“ An  exceedingly  well  written  and  useful  work.” — British  Medical  Journal. 

“ Full  of  common-sense  advice.” — The  Lancet. 

“ Essentially  practical,  clear  in  its  advice  and  pleasantly  written.” — The  Practitioner. 

One  small  8vo.  volume  of  488  pages.  Illustrated.  Price  12s.  6d.  net.  Weight,  2h  lbs. 

Prix,  15.70  frs.  ; poids.  lj  kilo. 

Just  Published.  TO  MEDICAL  OFFICERS  OF  HEALTH. 

STATISTICAL  FORMS.  For  the  Use  of  Medical  Officers 

of  Health  in  Tabulating  Causes  of  Death,  as  adopted  by  the  Incorporated 
Society  of  M.O.H. 

Prices : Schedule  “ A ” (4  folios)  foolscap  size,  7s.  6d.  per  25,  post  free ; Schedule  “ B ” 
(single),  foolscap  size,  2s.  per  26,  post  free. 

Also  noiv  Ready. 

The  New  Tables  of  the  Local  Government  Board 

and  the  Schedules  of  Causes  of  Death.  Issued  by  the  Incorporated 
Society  of  Medical  Officers  of  Health.  With  Notes  as  to  Use,  rules  for 
selecting  Causes  of  Death,  Alphabetical  Index  of  Causes,  Explanatory 
Notes,  Forms  for  Interchange  of  Non-Residents,  etc. 

Royal  8vo.  40  pages.  Price  is.  net,  post  free. 

All  Orders  should  be  accompanied  by  a remittance. 

STOHR— A Text-book  of  Histology.  Including  the 

Microscopical  Technique.  By  Philipp  Stohr,  M.D.,  Professor  of  Anatomy  at 
the  University  of  Wurzburg.  Authorized  Translation  by  Emma  L Billstein, 
M.D.,  Demonstrator  of  Histology  and  Embryology,  Women’s  Medical 
College  of  Pennsylvania.  Edited,  with  Additions,  by  Alfred  Schaper, 
M.D.,  Demonstrator  of  Histology  and  Embryology,  Harvard  Medical  School, 
Boston. 

KcT  Stohr’s  Histology  has  been  translated  into  several 
languages,  and  is  therefore  a Universal  Text-book. 

EXTRACTS  FROM  REVIEWS. 

“ We  have  to  welcome  this,  the  third  American  edition  of  Stdhr's  Handbook,  translated 
without  alteration  from  the  eighth  German  edition,  though  still  possessing  the  editorial 
additions  to  text  and  illustrations  which  appeared  in  the  previous  American  issue.  That 
the  book  is  extremely  popular,  and  deservedly  so,  both  in  Germany  and  among  English- 
speaking  students,  is  shown  by  this  rapid  multiplication  of  editions.  Professor  Minot  in 
his  introduction  describes  the  work  as  ‘ combining  scientific  thoroughness  with  simplicity, 
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A Text-book  of  Histology— continued. 

conciseness,  and  clearness  of  exposition,’  and  anyone  using  the  book  must  admit  that  this 
description  is  fully  justified.  The  most  characteristic  and  strongest  parts  of  the  work  are, 
perhaps,  the  technical  appendices  to  the  various  chapters  with  their  extremely  practical 
directions  for  the  obtaining  and  preparing  of  histological  material.  Regarding  histology  as 
a branch  of  anatomy,  the  author  rigidly  confines  himself  to  what  may  be  actually  demon- 
strated, and  it  is  this  probably  which  leads  him  to  eschew  all  reference  to  the  theories  which 
have  been  invented  to  explain  the  appearances  presented  by  striped  muscle,  and  even  to 
avoid  any  nomenclature  of  the  varieties  of  leucocytes,  though  this  may  lead  to  some 
bewilderment  of  the  student  when  he  reads  other  works.  The  description  of  the  liver  is 
extremely  good,  though  we  miss  any  reference  to  Kupffer’s  cells.  The  descriptions  and 
illustrations  of  the  organs  of  special  sense  are  also  excellent. 

“The  chapters  on  Microscopic  Technique  are  found  at  the  beginning  and  end  of  the 
volume,  and  the  methods  are  most  judiciously  selected  to  combine  simplicity  with  efficiency. 
The  illustrations  to  the  book  have  always  been  distinguished  for  their  excellence,  and  in  the 
present  edition  they  are  well  and  carefully  reproduced.  We  notice  a printer’s  slip  on  page  99 
and  a transposition  of  letters  in  Fig.  258,  but  the  volume  is  generally  well  printed  on  good 
paper  and  reflects  credit  on  the  publisher.  It  would  be  difficult  to  find  any  book  in  English 
on  histology  which  more  fullv  meets  the  requirements  of  the  student  or  even  of  the  nro- 
:ssional  histologist  than  the  work  under  review.” — Lancet. 

“A  book  like  this  is  what  one  wants  in  the  laboratory,  and  its  practical  usefulness  is  a 
sufficient  explanation  of  a new  edition  being  called  for  so  soon  after  the  last.” — Glasgow 
Medical  Journal. 

One  handsome  Royal  8vo.  volume.  Pp.  432.  Third  English  Edition,  from  the 
Eighth  German  Edition,  Enlarged  and  Revised.  With  292  Illustrations.  Price, 
cloth,  14s.  net.  Weight,  4 lbs.  Prix,  17  frs.  ; poids,  2 kilos. 


STURGIS — Sexual  Debility  in  Man.  By  Frederic  R. 

Sturgis,  M.D.,  Formerly  Clinical  Professor  of  Venereal  Diseases,  Medical 
Department,  University  of  the  City  of  New  York;  Ex-Visiting  Surgeon  to 
the  City  Hospital,  Blackwell’s  Island;  Author  of  “A  Manual  of  Venereal 
Diseases  ” ; one  of  the  Authors  of  “ A System  of  Legal  Medicine,”  etc. 

The  author  of  this  work  has,  for  many  years,  devoted  his  attention  exclusively  to 
Venereal  and  Genito-Urinary  Diseases.  lie  has  long  been  considered  by  the  medical 
profession  in  America  as  an  authority  in  his  specialty,  and  his  distinguished  ability  has 
received  ample  recognition  abroad.  This  work  is  a noteworthy  one,  for  in  it  Dr.  Sturgis 
gives  the  results  of  his  extensive  experience  covering  the  observations  of  many  years, 
stating  in  the  preface  of  the  work  that  “ the  principal  reason  for  writing  this  book  is  to 
introduce  to  the  reading  medical  public  sundry  opinions  the  writer  holds  upon  sexual 
weaknesses  in  men,  which,  although  they  may  be  at  variance  with  ideas  generally  received 
in  this  country,  he  is  convinced  from  experience  are  correct.” 

SOLD  ONLY  TO  MEDICAL  MEN. 

Complete  in  one  8vo.  volume.  About  450  pages.  Illustrated.  Neatly  printed,  and 
substantially  bound  in  cloth.  Price  12s.  6d.  net.  Weight,  2^  lbs.  Prix  15.75  frs.; 
poids,  H kilos. 

STURGIS  and  CABOT  — Venereal  Diseases.  A 

Student’s  Manual.  By  Frederic  R.  Sturgis,  M.D.,  Formerly  Clinical 
Professor  of  Venereal  Diseases,  Medical  Department,  University  of  the 
City  of  New  York;  Ex-Visiting  Surgeon  to  the  City  Hospital,  Blackwells 
Island  ; Author  of  “ A Manual  of  Venereal  Diseases”  ; one  of  the  Authors 
of  “ A System  of  Legal  Medicine,”  etc. 

Seventh  Edition,  revised  and  in  part  rewritten  by  F.  R.  STURGIS,  M.D.,  and 
FOLLEN  CABOT,  M.D.,  Instructor  in  Genito-Urinary  and  Venereal  Diseases  in  the 
Cornell  University  Medical  College  ; Genito-Urinary  Surgeon  to  Bellevue  Hospital.  Out- 
patients’ Department;  Visiting  Dermatologist  to  the  New  \ ork  City  (Charity)  Hospital  , 
Lecturer  on  Venereal  and  Genito-Urinary  Diseases  in  the  University  of  \ ermont. 

FROM  THE  PREFACE  TO  THE  FIRST  EDITION. 

“ Written  for  students  of  medicine,  it  has  been  my  aim  to  make  the  book  concise,  and 
at  the  same  time  practical.  I have,  therefore,  as  far  as  possible  eschewed  all  moot 
points  in  venereal  medicine,  and  confine  myself  to  giving  a careful,  and  at  the  same  ,,nJe 
condensed  description  of  the  commoner  forms  of  venereal  diseases  which  will  ta  o 
the  lot  of  the  average  young  practitioner  to  treat,  together  with  the  most  appropriate 
remedies.” 
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Venereal  Diseases— continued. 

EXTRACTS  FROM  REVIEWS. 

“ The  work  is  well  abreast  of  the  times,  and  the  treatment  advocated  seems  always  to 
be  judicious.” — Lancet. 

“ We  can  commend  the  work  to  those  for  whom  it  is  specially  written  as  a thoroughly 
sound  and  reliable  account  of  the  symptoms  and  treatment  of  venereal  diseases.” — Glasgow 
Medical  Journal. 

One  12mo.  volume.  216  pages,  cloth.  Price  6s.  net.  Weight,  lj  lbs.  Prix,  7.50  fra.  ; 

poids,  kilo. 


Third  Edition. 

SUTTON  and  GILES— The  Diseases  of  Women.  A 

Handbook  for  Students  and  Practitioners  of  Medicine.  By  J.  Bland- 
Sutton,  F,  RC.S.  Eng.,  Assistant-Surgeon  Middlesex  Hospital,  and  Surgeon 
Chelsea  Hospital  for  Women,  London  ; and  Arthur  E.  Giles,  M.D.,  B.Sc. 
Lond.,  F.R.C.S.  Edin.,  Surgeon  to  Out-patients  Chelsea  Hospital  for  Women, 
London  ; Gynaecologist  to  the  Tottenham  Hospital. 

The  aim  of  this  book  is  to  furnish  students  with  those  principles  and  facts  of  Gynaecology 
which  will  enable  them  to  meet  the  requirements  of  the  examination-room  and  serve  as  a 
guide  in  practice. 

It  is  taken-for  granted  that  the  student  is  already  familiar  with  the  anatomy  of  the  pelvic 
viscera  and  the  physiology  of  the  reproductive  functions  ; hence  these  subjects  are  dealt 
with  very  briefly. 

EXTRACT  FROM  AN  EARLY  REVIEW 

“ The  book  has  been  well  revised  and,  we  think,  improved,  and  if  it  still  suffers  from  the 
marked  surgical  bias  of  its  authors  it  is  yet  a good  and  trustworthy  text-book.” — Lancet. 

A FEW  EXTRACTS  FROM  REVIEWS  OF  PREVIOUS  EDITIONS. 

“ . . . Certain  to  be  well  received  by  the  medical  public.” — British  Medical  Journal. 

“ We  feel  sure  it  will  become  a general  favourite." — Quarterly  Medical  Journal. 

“Of  small  manuals  on  this  important  subject,  we  think  it  the  best  because  the  most 
suggestive.” — St.  George's  Hospital  Gazette. 

“ This  is  a book  which  we  can  with  great  confidence  recommend.” — The  Hospital. 

“ We  must  congratulate  the  authors  on  this  well-balanced  book.” — Scottish  Medical  and 
Surgical  Journal. 

“ A trustworthy  elementary  manual  of  gynaecology.  The  illustrations  are  specially 
worthy  of  notice.” — Edinburgh  Medical  Journal. 

“ . . . The  illustrations  are  numerous  and  excellent,  and  we  congratulate  the  authors  on 
producing  a work  that  should  take  a front  rank  as  a students’  text-book  on  gynae- 
cology. . . .” — St.  Alary’s  Hospital  Gazette. 

“.  . . . It  bristles  with  valuable  data  and  wise  suggestions  based  on  wide  experience 
and  scientific  knowledge  of  a high  order.  . . .” — Indian  Medical  Record. 

“ . . . The  style  is  clear  and  concise,  and  the  subject-matter  is  arranged  in  such  a manner 
as  to  render  it  especially  available  for  practical  purposes.  . . .” — Middlesex  Hospital 
Journal. 

Third  Edition  thoroughly  revised  and  partly  rewritten.  In  one  Crown  8vo.  volume, 
527  pages.  With  145  Illustrations  (mostly  original)  in  the  text.  Cloth,  forril 
back.  Price  lls.  net.  Weight,  3 lbs.  Prix,  14  frs. ; poids,  li  kilo. 


SYERS— A Treatise  on  the  Theory  and  Practice  of 

Medicine  for  Students  and  Practitioners.  By  H.  W.  Syers, 
M.A.,  M.D.  (Cantab.),  Physician  to  Out-Patients  Great  Northern  Central 
Hospital. 

A3>n»-oxTisro3ES3vri3axrT. 

The  work  is  essentially  practical,  and  is  the  outcome  of  fifteen  years’  experience.  It 
is  written  almost  entirely  from  the  records  of  cases  accumulated  by  the  writer  during  the 
period  referred  to. 

But  little  attention  is  devoted  to  theories,  which  from  their  instability  are  of  little  or 
no  use  to  either  student  or  practitioner. 

It  is  hoped  that  the  book  is  in  all  respects  up-to-date,  and  that  no  matter  of 
importance  has  been  omitted.  The  subject  of  Morbid  Anatomy  has  been  dwelt  upon 
only  so  far  as  may  be  necessary  to  make  the  study  of  signs,  symptoms,  and  clinical  history 
of  disease  intelligible,  and  to  guide  the  student  in  his  post-mortem  work. 
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A Treatise  on  the  Theory  and  Practice  of  Medicine — continued. 

In  discussing  treatment,  the  author  has  adhered  to  his  own  experience  almost 
entirely,  and  as  regards  both  this  and  all  other  subjects  dealt  with  in  this  work,  it  is  the 
practical  experience  of  the  writer,  and  that  alone,  which  is  chiefly  recorded.  It  is  hoped 
that  a perusal  of  this  treatise,  together  with  systematic  work  in  the  wards,  out-patients’ 
room,  and  dead-house,  will  enable  the  student  not  merely  to  pass  his  examination,  but, 
what  is  of  far  more  importance,  to  obtain  an  accurate  and  thorough  knowledge  of  the 
subject  of  which  jt  treats. 

In  two  volumes.  Royal  8vo.,  pages  xxxii  + 1113.  Cloth.  Weight,  7i  lbs.  Prix,  32frs. ; 
poids,  3f  kilos.  Price  complete,  25s.  net. 


Just  Ready. 

TAVERA — Medicinal  Plants  of  the  Philippines.  By 

T.  H.  Pardo  de  Tavera,  Doctor  of  Medicine  in  Faculty  of  Paris  ; Scientific 
Commissioner  S.M.  in  Philippine  Islands,  etc.  Translated  and  Revised  by 
Jerome  B.  Thomas,  Junr.,  A.B.,  M.D.,  Captain  and  Assistant  Surgeon 
United  States  Volunteers. 

One  12mo.  volume  of  269  pages.  Price  8s.  6d.  net.  Weight,  2 lbs.  Prix,  10.80  frs. ; 

poids,  1 kilo. 

TISSIER — Pneumatotherapy  and  Inhalation  Methods. 

See  Cohen,  Physiologic  Therapeutics,  page  5. 


THORINGTON  — Refraction  and  How  to  Refract, 

including  Sections  on  Optics,  Retinoscopy,  the  Fitting  of  Spectacles  and 
Eye-Glasses,  etc.  By  James  Thorington,  A.M.,  M.D.,  Adjunct  Professor 
of  Ophthalmology  in  the  Philadelphia  Polyclinic  and  College  for 
Graduates  in  Medicine  ; Assistant  Surgeon  Wills  Eye  Hospital ; Associate 
Member  of  the  American  Ophthalmological  Society  ; Fellow  of  the  College 
of  Physicians  of  Philadelphia  ; Lecturer  on  the  Anatomy,  Physiology,  and 
Care  of  the  Eyes  in  the  Philadelphia  Manual  Training  Schools,  etc. 


SYNOPSIS  OF  CONTENTS. 

I.  Optics.  II.  The  Eye,  the  Standard  Eye  : Cardinal  Points  ; Visual  Angle;  Minimum 
Visual  Angle  ; Standard  Acuteness  of  Vision  ; Size  of  Retinal  Image  ; Accommodation  ; 
Mechanism  of  Accommodation  ; Far  and  Near  Point  ; Determination  of  Distant  Vision 
and  Near  Point ; Amplitude  of  Accommodation ; Angle  Gamma  ; Angle  Alpha. 
III.  Ophthalmoscope;  Direct  and  Indirect  Method.  IV.  Emmetropia;  Hyperopia; 
Myopia.  V.  Astigmatism,  or  Curvature  Ametropia  ; Tests  for  Astigmatism.  V I.  Retm- 
oscopy.  VII.  Muscles.  VIII.  Cyclopegics ; Cyclopagia  ; Asthenopia  ; Examination  of 
the  Eyes.  IX.  How  to  Refract.  X.  Applied  Refraction.  XL.  Presbyopia;  Aphakia  , 
Anisometropia;  Spectacles.  XII.  Lenses;  Spectacles  and  Eye-Glass  Frames;  How  to 
take  Measurements  for  them  and  how  they  should  be  Fitted. 

EXTRACTS  FROM  REVIEWS. 

“.  . . The  book  is  eminently  practical,  and  presupposes  only  an  elementary  knowledge 

of  optics  and  mathematics.  . . .” — British  Medical  Journal. 

“ . . . The  reader  will  find  some  useful  information  not  usually  given  in  similar  treatises 
in  regard  to  bifocal  lenses  and  spectacle  frames.  . . .’  Lancet. 

“ ...  A careful  consideration  has  shown  us  that  this  is  one  of  the  best  and  most 
readable  of  books  on  errors  of  refraction,  their  diagnosis  and  treatment.  ...  Y ) 
Medical  Journal. 

With  200  Illustrations,  12  of  which  are  coloured.  Demy  8vo.,  301  pages.  Price, 
Cloth,  7s.  6d.  net.  Weight,  2 lbs.  Prix,  9.50  frs. ; poids,  l kilo. 
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THIRD  REVISED  AND  ENLARGED  EDITION, 

THRESH— Water  and  Water-Supplies.  ByJ  . C.  Thresh, 

D.Sc.  Lond.,  M.D.  Viet.,  D.P.H.  Camb.,  Honorary  Diplomate  in  Public 
Health,  Royal  Colleges  of  Physicians  and  Surgeons,  Ireland ; Medical 
Officer  of  Health  to  the  Essex  County  Council;  Lecturer  on  “Public 
Health,”  London  Hospital  Medical  College ; Fellojv  of  the  Institute  of 
Chemistry  ; Member  of  the  Society  of  Public  Analysts;  Associate  Member 
of  the  British  Association  of  Waterworks  Engineers  ; Examiner  in  Hygiene, 
London  University,  etc. 

LIST  OF  CHAPTER  HEADINGS. 

I.  Water,  its  Composition,  Properties,  etc.  II.  Rain  and  Rain  Water.  III.  Surface 
Water.  IV.  Subsoil  Water.  V.  Natural  Spring  Waters.  VI.  Deep  Well  Waters. 
VII.  River  Water.  VIII.  Quality  of  Drinking  Waters.  IX.  Impure  Water  and  its 
Effect  upon  Health.  X.  The  Interpretation  of  Water  Analysis.  XI.  The  Pollution  of 
Drinking  Water.  XII.  The  Self-purification  of  Rivers.  XII 1.  The  Purification  of 
Water  on  the  I.arge  Scale.  XIV.  Domestic  Purification.  XV.  The  Softening  of 
Hard  Water.  XVI.  Quantity  of  Water  required  for  Domestic  and,  other  Purposes. 
XVII.  Selection  of  Sources  of  Water-Supply  and  Amount  available  from  Different 
Sources.  XVIII.  The  Protection  of  Underground  Water-Supplies.  XIX.  The  Protec- 
tion of  Surface-water  Supplies.  XX.  Wells  and  their  Construction.  XXI.  Pumps  and 
Pumping  Machinery.  XXII.  The  Storage  of  Water.  XXIII.  The  Distribution  of 
Water.  XXIV.  The  Law  relating  to  Water-Supplies.  XXV.  Rural  and  Village  Water- 
Supplies.  XXVI.  Water  Charges.  General  Index.  Index  of  Proper  Names. 


EXTRACTS  FROM  REVIEWS  OF  SECOND  EDITION. 

“ This  is  an  excellent  addition  to  the  literature  on  the  subject  of  water-supply.  The 
author’s  main  object  is  to  give  those  who  are  interested  in  public  health  questions  such  in- 
formation as  may  render  them  reasonably  competent  to  form  an  opinion  as  to  the  suf- 
ficiency of  an  existing  or  proposed  water-supply,  chiefly  in  rural  districts.” — British 
Medical  Journal. 

“ It  gives  a full  and  adequate  account  of  everything  appertaining  to  drinking-water  and 
water-supply.  Among  many  interesting  chapters  the  most  interesting  generally  will  be 
that  on  the  interpretation  of  water  analysis.  ...  It  is  a complete  and  very  scholarly 
treatise  on  one  branch  of  public  health  work.” — Lancet. 

‘ ‘ This  treatise  was  recently  presented  by  its  author  as  a graduation  thesis  at  the  University 
of  Victoria , and  has  secured  for  him  the  gold  medal  at  the  M.D.  Examination.  This 
sufficiently  vouches  for  the  value  of  the  treatise,  and  a careful  perusal  of  it  confirms  this 
judgment.” — Public  Health. 

“This  is  a remarkable  book.  . . . One  might  well  believe  that  parts  of  the  book  were 
written  by  members  of  several  professions,  for  Dr.  Thresh  seems  equally  happy  whether 
the  subject  is  engineering,  bacteriology,  geology,  chemistry,  medicine,  or  (that  rarest  of  all) 
common-sense — e.g.,  his  chapter  on  wells.” — foumal  of  the  Sanitary  Institute. 

Third  Revised  and  Enlarged  Edition.  Crown  8vo.  xvi-f  527  pages,  with  many  Illus- 
trations. Cloth,  price  7s.  6d.  net.  Weight,  2 lbs.  Prix,  9. BO  frs.  ; poids,  1 kilo. 


In  Press.  Preliminary  Notice. 

TOLDT— Atlas  of  Anatomy  for  Students  and  General 

Practitioners.  By  Professor  Carl  Toldt,  M.D.,  and  k.k.  Hofrath, 
Senior  Professor  of  Anatomy  in  Vienna.  Only  authorized  English  Transla- 
tion from  the  third  German  edition  by  M.  Eden  Paul,  M.D.  With  Wood- 
cuts  (many  in  several  colours)  and  Explanatory  Text.  The  explanations  are 
given  in  the  English  as  well  as  in  the  International  nomenclature,  a circum- 
stance which  will  recommend  the  work  particularly  to  teachers  and  students. 
This  work  is  published  in  six  parts,  viz. : 

Part  I. — A.  Regional  Anatomy  of  the  Human  Body  (Figures  1 to  5). 

B.  Osteology  (Figures  6 to  377).  With  Index. 

Price,  bound  in  cloth, 

Part  II. — C.  Ligaments  (Figure  378  to  489).  With  Index. 

Price,  bound  in  cloth, 

Part  III. — D.  Muscles  (Figures  499  to  640).  With  Index. 

Price,  bound  in  cloth, 

Part  IV. — E.  Intestines  (Figures  641  to  932). 

Price,  bound  in  cloth, 

Part  V — F.  Vascular  S}^tem  (Figures  933  to  1,123).  With  Index. 

Price,  bound  in  cloth, 

Part  VI. — G.  The  Nervous  System  and  the  Senses  (Figures  1,124  to  1,505).  With  Index. 
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TRANSACTIONS  of  the  Meetings  of  the  British  Laryn- 

gological  Association  from  1891  to  1894. 

Bound  in  Cloth.  Price,  each  volume,  2s.  6d.  net.  Weight,  1 lb.  Prix,  3.25  frs.  • poids 

i kilo. 


Second  Edition,  thoroughly  Revised. 

TYSON — Practice  of  Med  icine.  A Text-book  for  Physi- 
cians and  Students,  with  Special  Reference  to  Diagnosis  and  Treatment. 
By  James  Tyson,  M.D.,  Professor  of  Medicine,  University  of  Pennsylvania  ; 
Physician  to  the  University  and  Philadelphia  Hospital,  etc. 

The  object  of  this  book  is,  first,  to  aid  the  student  and  physician  to  recognise  disease, 
and,  second,  to  point  out  the  proper  methods  of  treatment.  To  this  end  Diagnosis  and 
Treatment  receive  special  attention,  while  pathology  and  morbid  anatomy  have  such 
consideration  as  is  demanded  by  their  importance  as  fundamental  conditions  of  a thorough 
understanding  of  disease.  Dr.  Tyson’s  qualifications  for  writing  such  a work  are  unequalled. 
It  is  really  the  outcome  of  over  thirty  years’  experience  in  teaching  and  in  private  and 
hospital  practice.  As  a teacher  he  has,  while  devoting  himself  chiefly  to  clinical  medicine, 
occupied  several  important  chairs,  notably  those  of  General  Pathology  and  Morbid 
Anatomy,  and  Clinical  Medicine  in  the  University  of  Pennsylvania,  an  experience  that  has 
necessarily  widened  his  point  of  view  and  added  weight  to  his  judgment.  This,  the 
Second,  Edition  has  been  most  thoroughly  revised,  parts  have  been  rewritten,  new 
material  and  illustrations  have  been  added,  and  in  many  respects  it  may  be  considered  a 
new  book. 

EXTRACTS  FROM  REVIEWS. 

“ Throughout  the  book  the  descriptions  are  clear  and  full,  and  the  methods  of  treatment 
prescribed  are  those  generally  recognised  as  being  the  most  modern  and  satisfactory.  We 
congratulate  Dr.  Tyson  on  having  produced  a readable  and  instructive  manual.”. — Lancet. 

“ Dr.  Tyson  is  to  be  congratulated  upon  the  production  of  an  accurate  and  comprehen- 
sive text-book  which  certainly  deserves  success.” — British  Medical  Journal. 

“ We  are  greatly  pleased  with  this  excellent  and  handsome  book.  It  is  one  of  the  best 
works  on  medicine  that  we  have  seen  for  a long  time.  We  warmly  recommend  it.” — 
Dublin  Journal  of  Medical  Science. 

“ On  the  whole,  the  book  is  one  of  very  great  excellence,  and  especially  adapted  for 
those  who  seek  a good  sound  and  practical  knowledge  of  medicine.” — Birmingham  Medical 
Review. 

Second  Edition.  One  Royal  8vo.  volume.  1200  pp.,  with  Coloured  Plates  and  many 
other  Illustrations.  Prioe,  cloth,  24s.  Weight,  7 lbs.  Prix,  30.50  frs. ; poids, 
3.j  kilos. 

WEBER  and  HINSDALE  — Climatology—  Health 

Resorts  — Mineral  Springs.  See  Cohen,  Physiologic  Therapeutics, 
page  5- 

WHARTON  — Minor  Surgery  and  Bandaging.  By 

Henry  R.  Wharton,  M.D.,  Demonstrator  of  Surgery  in  the  University  of 
Pennsylvania. 

This  excellent  and  very  popular  manual  has  been  thoroughly  revised  and  brought  up  to 
date.  A section  has  been  added,  giving  brief  but  compendious  instructions  for  Operative 
Procedures  upon  the  Cadaver,  a subject  now  receiving  much  attention  in  medical  teaching, 
and  there  is  also  a new  chapter  on  Surgical  Bacteriology.  The  rich  and  notable  series  of 
illustrations  has  been  still  further  increased. 

EXTRACTS  FROM  REVIEWS. 

“ . . . Dr.  Wharton  has  done  much  to  improve  his  work,  which,  by  reason  of  its  clear 
type  and  profusion  of  excellent  illustrations,  as  well  as  by  its  lucid  teaching,  seems  very 
likely  to  maintain  its  repute  as  a useful  handbook  for  both  practitioner  and  student.  . . .' 
— British  Medical  Journal.  „ 

“The  printing  and  binding  are  such  as  we  have  been  led  to  expect  from  this  firm.  . . . 
— Glasgosv  Medical  Journal. 

“ . . . The  book  can  be  recommended  as  a reliable  and  trustworthy  laboratory 
manual.  . . ."—Quarterly  Medical  Magazine. 

In  one  l2mo.  volume  of  594  pages,  with  602  Engravings,  many  being  Photographic 
Price,  Cloth,  14s.  net.  Weight,  2 h lbs.  Prix,  18  frs. ; poids,  l£  kilos. 
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Second  Edition. 

WILLIAMS— Manual  of  Bacteriology.  By  Herbert  U. 

Williams,  M.D.,  Professor  of  Pathology  and  Bacteriology,  Medical  Depart- 
ment, University  of  Buffalo.  Second  Edition,  Revised  and  Enlarged. 

One  l2mo.  volume  of  290  pages.  90  Illustrations.  Bound  in  full  buckram,  suitable 
for  laboratory  use.  Price  7s.  6d.  net.  Weight,  2 lbs.  Prix,  9.00  fra. ; poids,  1 kilo. 

In  Press  for  Immediate  Issue. 

WILLIAMS— High  Frequency  Currents  in  the  Treat- 
ment of  Some  Diseases.  By  Chisholm  Williams,  F.R.C.S.  Edin., 
etc.,  Electro-therapeutist  to  the  West  London  Hospital,  etc. 

Demy  8vo.,  about  200  pp.,  Illustrated.  Price  10s.  6d.  net.  Prix,  13.30  frs. 

WINTERNITZ  — Hydrotherapy  — Thermotherapy  — 

Balneology.  See  Cohen,  Physiologic  Therapeutics,  page  5. 


PERIODICALS  AND  SPECIALITIES. 

ARCHIVES  OF  THE  ROENTGEN  RAY,  formerly  “ Archives 

of  Skiagraphy.”  A High-class  Journal  in  which  the  Transactions  of  the  Roentgen 
Society  of  London  are  officially  reported.  Each  issue  contains  from  16  to  24 
pages  of  text,  together  with  several  pages  of  beautiful  illustrations,  depicting  the 
practical  application  of  the  X Rays  to  Modern  Medicine  and  Surgery. 
Published  iti  January , February , March , April,  May,  June,  July,  and  December 
of  each  year. 

Royal  4to.  Price,  per  part,  2s.  net,  3d.  extra  for  postage.  Weight,  lb.  Prix,  2.50  frs.  ; 
poids,  A kilo.  16s.  net  per  year  in  advance  post  paid.  Prix,  20  frs.  per  annum. 


PUBLIC  HEALTH.  The  Official  Journal  of  the  Incorporated 

Society  of  Medical  Officers  of  Health.  Edited  by  Francis  J.  Allan,  M.D., 
D.P.H.,  Medical  Officer  of  Health,  City  of  Westminster.  Published  Monthly. 

Annual  Subscription,  10s.  6d.,  post  free.  Prix  13  frs.  Single  copies,  Is.  Weight,  6 ozs. 

Prix  1.25  frs.  ; poids,  0.168  kilo 

TREATMENT.  A Monthly  Journal  of  Practical  Medicine  and 
Surgery.  Edited  by  Ludwig  Freybergef,  M.D.  Vienna,  M.R.C.P.  Lond., 
M.R.C.S.  Eng.,  etc. 
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BJORLING  — Briquettes  and  Patent  Fuel.  Their 

Manufacture  and  the  Machinery  connected  therewith.  By  Philip 
R.  Bjorling,  C.E. 

ANNOUNCEMENT. 

The  reason  for  the  appearance  of  this  volume  is  the  increased  demand  for 
briquettes  and  patent  fuel,  both  on  this  and  the  other  side  of  the  water. 

During  the  years  1896  and  1897  the  author  wrote  a series  of  articles  in 
the  Colliery  Guardian,  and  a long  article  in  the  American  Annual,  “ The 
Mineral  Industry,”  for  the  year  1897.  The  editor  of  the  latter,  in  one  of  his 
letters  to  the  author,  states : “ The  manufacture  of  briquettes  is  bound  to 
become  important  in  the  United  States,  where  at  present  it  is  not  practised 
at  all.”  In  a more  recent  letter  he  says  : “ Briquette  manufacture,  of  which 
at  present  there  is  none  at  all  in  America,  is  something  that  is  likely  to  be 
undertaken  before  long.” 

The  present  volume  is  the  two  series  of  articles  combined,  with  numerous 
additions,  both  as  regards  illustrations  and  letter-press,  bringing  the  subject 
up  to  date. 

The  author  has  further  added  a chapter  on  all  the  different  classes  of  bond 
or  binding  materials  that  have  been  patented  and  experimented  with,  to  form 
a guide  to  future  inventors,  who  will  be  able  to  see  at  a glance  whether 
their  invention  is  new  or  not. 

Royal  8vo.,  256  pages.  121  Illustrations.  15s.  net.  Weight,  2 lbs. 

Prix,  18.19  frs. ; poids,  1 kilo. 

IMPORTANT  NEW  WORK. 

BJORLING  and  GISSING— TheTechnical  Dictionary- 

Cyclopaedia.  Edited  by  Philip  R.  Bjorling,  C.E.,  and  Frederick  T. 
Gissing,  C.E.,  with  an  introduction  by  Cl.  Le  Neve  Foster,  D.Sc.,  F.R.S., 
Professor  of  Mining,  Royal  College  of  Science,  London,  S.W. 

To  be  published  in  18  Parts,  Royal  8vo.,  of  about  64  pages  each.  Price  per  part 
2s.  6d.  (two  shillings  and  sixpence  net).  Illustrated. 

EXTRACT  FROM  EDITORIAL  ANNOUNCEMENT. 

We  have  many  times  been  asked  to  recommend  an  English  Technical 
Dictionary-Cyclopaedia,  and  after  having  made  inquiries  of  several  booksellers 
and  publishers  for  a suitable  work,  have  failed  to  find  one. 

We  are,  therefore,  editing  the  present  volume,  and  trust  that  it  will  be 
the  means,  in  some  way,  of  filling  a vacant  gap  in  English  literature. 

As  it  is  impossible  to  make  a work  of  this  class  complete  from  the 
beginning,  we  shall  at  all  times  be  pleased  to  receive  any  alterations  or 
suggestions  with  a view  to  the  improvement  of  the  book. 

PUBLISHER’S  ANNOUNCEMENT,  MARCH.  1903. 

With  a view  to  insuring  the  largest  possible  circulation  of  Bjorling  and 
Gissing’s  “Technical  Dictionary-Cyclopaedia”  among  the  particular  pro- 
fessional and  industrial  classes  for  whose  practical  use  the  work  is  primarily 
intended,  the  publishers  have  decided  to  make  the  following  offer  for  a 
limited  period  only  as  an  inducement  to  intending  subscribers  to  register 
their  names  AT  ONCE.  For  a single  payment  in  advance  of  £1  16s.  (one 
pound  sixteen  shillings)  Rebman,  Ltd.,  agree  to  forward,  free  of  all  further 
expense  to  the  subscriber,  the  eighteen  parts  of  the  work  as  issued  and  post 
free  to  any  address  in  the  Postal  Union.  Orders  should  be  sent  with 
remittance  to  the  publishers  WITHOUT  DELAY,  as  this  offer  may  be 
withdrawn  at  their  option  and  without  further  notice. 

As  the  ordinary  price  of  this  important  work  will  be  2s.  6d.  net  per  part, 
or45B.  for  the  complete  issue,  the  liberality  of  the  above  offer  should 
commend  itself  to  all  interested. 
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E. 

Electrograph. — Is  an  instrument  for  marking  linen.  The  cloth 
is  moistened  with  salt  water,  and  a silver  stamp  is  pressed  upon  it. 
A current  of  electricity  is  sent  from  the  stamp  to  the  linen  and 
decomposes  the  solution,  reducing  silver  in  the  tissue  of  the  cloth, 
and  thus  indelibly  marking  it  with  the  letters. 

Evaporative  Condenser. — This  class  of  condenser  depends 
upon  the  evaporation  of  the  steam  by  means  of  a large  surface 
being  exposed  to  the  atmosphere  and  water.  It  consists  of  a large 
number  of  tubes  or  pipes  of  various  designs  mostly  furnished  with 
fins  or  gills.  The  quantity  of  circulating  water  required  for  the 
evaporative  surface  condenser  is  about  one-third  the  quantity 
pumped  for  ordinary  surface  or  jet  condensers. 

F. 

Floating  Outlet. — This  apparatus  is  employed  at  sewage  works 
for  running  off  the  clear  effluent,  leaving  the  sludge  at  the  bottom 
of  the  tanks.  It  consists  of  a hinged  or  swivelling  arm,  provided  at 
the  open  end  with  a floating  arrangement,  the  float  of  which  is  a 
hollow  drum  or  spherical  ball.  As  the  liquid  runs  off,  the  mouth 
of  the  pipe  or  arm  is  lowered,  but  when  the  float  comes  against  the 
sludge  it  cannot  sink ; hence  the  discharge  of  the  liquid  is  stopped. 

Flying  Shears. — This  machine  has  been  designed  to  cut  ingots  of 
any  size  up  to  9 square  inches  cross  section  while  in  motion,  and  it 
must  complete  the  entire  operation  and  be  back  in  place  within  one 
second,  so  that  the  progress  of  the  billet  through  the  mill  is 
continuous. 

The  first  one  constructed  consisted  of  a simple  hydraulic  shear, 
driven  at  a pace  to  permit  the  knives  to  travel  with  the  moving 
billet  during  the  time  of  cutting.  A second  shear  is  operated  by 
hydraulic  power,  the  pressure  being  intensified  by  the  aid  of  steam. 
The  cutting  takes  place  while  the  shear  moves  forward,  and  the 
length  of  the  stroke  is  about  20  inches,  six  of  which  are  required  to 
sever  the  metal,  and  the  remainder  to  bring  the  shear  up  to  the 
speed  of  the  billet  and  to  stop  it  again.  The  upper  knife  swings  on 
a pivot.  When  the  shear  moves  as  fast  as,  or  even  faster  than,  the 
billet,  the  knife  remains  in  position  ready  for  cutting ; but  as  soon 
as  the  motion  of  the  shear  becomes  slower  than  that  of  the  billet, 
the  latter  pushes  the  knife  out  of  the  way,  and  the  billet  clears 
itself. 

G. 

Gra.vita.tion. — The  law  by  which  all  atoms  of  matter  are  attracted 
one  to  another  with  a force  directly  proportional  to  the  product 
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THESE  sera  and  other  preparations  are  sent 
out  in  hermetically  sealed  tubes,  so  that 
the  contents,  which  preserve  their  sterility*' 
for  an  indefinite  period,  retain  their  efficacy  for  a 
very  long  time,  and  are  therefore  particularly 
adapted  for  export.  These  tubes  can  be  used 
in  connection  with  any  hypodermic  syringe. 
Of  course,  the  syringe  and  point  employed 
must  be  most  carefully  disinfected.  To  dis- 
infect the  point  of  the  syringe  it  should  be 
passed  through  the  flame,  and  a certain  quantity 
of  some  antiseptic  solution  can  then  be  drawn 
up  through  it ; this  should  be  repeated  several 
times.  The  skin  at  the  part  chosen  for  per- 
forming the  injection  must,  of  course,  be 
thoroughly  disinfected . 

SERUM  PREPARATIONS. 

These  preparations  are  only  sold  in  cases  contain- 
ing two  hermetically  sealed  flasks  each. 


NET. 

Antidiphtheritic  Serum,  fluid.  s.  d. 

1.000  units  in  4 cc.  ..  ..  ..16 

2.000  ,,  8 cc.  . . ..26 

2.000  ,,  5 cc.  . . ..39 

3.000  ,,  7'5cc 6 9 

4.000  ,,  iocc 7 6 


Prepared  under  the  direction  of  Professor 
Dr.  E.  Tavel,  Director  of  the  Institute  for  In- 
fectious Diseases  (University  of  Berne,  Switzer- 
land), under  the  control  of  the  State  of  Berne, 
according  to  the  Regulations  passed  April  3 and 
May  14,  1895. 

The  Antitoxin  is  sent  out  in  doses  of  500  and 
1,000  Antitoxin  units,  and  2,000  units  in  5 cc., 
and  3,000  to  5,000  units  in  10  cc.,  the  value  of  the 
immunizing  power  being  reckoned  at  200  to  400 
units  per  cc. 

Preservation  of  the  Antitoxin. 

The  Serum  is  collected  under  most  exact 
asepsis,  so  that  we  can  give  a guarantee  for  it 
being  sterile,  and  for  it  remaining  so  without  the 
addition  of  any  antiseptics  whatever.  The  method 
we  have  adopted  for  closing  the  cylindrical 
glass  tubes  w'hich  serve  as  receptacles  for  the 
Antitoxin,  by  fusing  the  ends,  prevents  the  in- 
vasion of  any  bacteria.  Besides  this,  the  pre- 
caution is  taken  to  fill  the  tubes  completely,  so 
that  the  contents  cannot  be  spoilt  through  the 
influence  of  oxygen.  Our  Diphtheria  Antitoxin 
is,  therefore,  to  be  highly  recommended  for 
export,  especially  to  foreign  countries,  as  it 
remains  good  for  a very  long  space  of  time. 

The  tubes  should  be  heft  in  a dark  place,  and 
a too  high  temperature  must  be  carefully  avoided, 
as  light  and  heat  prove  destructive  to  the  Anti- 
diphtheritic  Serum,  and  might  decompose  it.  The 
sterile  Antitoxin  should  be  clear  ; but  if  a slight 
granular  deposit  is  present,  it  is  of  no  conse- 


] quence,  as  the  deposit  is  not  the  result  of  decom- 
position, but  consists  of  blood  corpuscles  or 
; particles  of  albumen.  Sometimes  the  Serum 
shows  a slight  opalescence,  which  is,  however, 
of  no  consequence,  and  does  not  affect  the 
] quality  of  the  Antitoxin  in  the  least.  The 
! sterility  of  all  our  Antitoxin  tubes  is  tested 
; by  placing  them  in  the  incubator  for  twenty- 
four  hours.  The  experiments  made  to  test  the 
value  of  the  Antitoxin  are  alw’ays  carried  out 
each  time  blood  is  taken,  and  after  the  sterility  has 
. been  tested. 

Therapeutical  Indications. 


(a)  Preventive  Action.— If  Diphtheria  Anti- 
toxin is  injected  before  any  infection  has  taken 
place,  it  gives  a temporary  immunity  against 
diphtheria  to  the  person  so  treated.  The  length 
of  time  an  individual  remains  immune  varies 
from  two  to  three  weeks.  It  is  therefore  a good 

1 plan  to  give  such  injections  to  persons  who  are 
in  danger  of  being  infected.  500  units  suffice 
to  give  a temporary  immunity. 

(b)  Therapeutical  Action. — If  the  disease  has 
already  broken  out,  its  course  can  be  cut  short 
by  means  of  Antitoxin,  but  it  ts  necessary  that  the 
treatment  should  be  begun  without  delay.  In  such 
cases  the  quantity  to  be  injected  will  vary 
according  to  the  age  of  the  patient,  the  gravity 

. of  each  individual  case,  and  the  progress  the 
disease  has  made.  An  injection  of  1,000  Anti- 
toxin units  should  be  performed  at  once  in  all  sus- 
picious caseS;  but,  besides  taking  this  precaution, 
a bacteriological  examination  of  such  cases  is 
most  decidedly  to  be  recommended,  so  as  to 
obtain  a complete  certainty  as  to  their  nature. 
Should  the  affection  prove  to  be  genuine  diph- 
theria, and  no  sufficient  improvement  have  taken 
place  in  the  general  and  local  condition  of  the 
patient,  the  injection  of  1,000  Antitoxin  units 
must  be  repeated  during  the  next  two  to  three 
days.  The  injections  must  only  be  given,  how- 
ever, when  the  condition  of  the  patient  renders 
them  really  necessary,  because  in  some  indi- 
viduals the  Diphtheria  Antitoxin  causes  an 
exanthemous  eruption  to  appear,  which  is  occa- 
sionally accompanied  by  temporary  indisposi- 
tion and  fever,  but  to  which  no  great  importance 
need  be  attached. 


NET. 

s.  d. 

Antitetanus  Serum.  In  flasks  of  10  cc.  6 0 
The  Antitetanus  Serum  is  taken  from  horses 
which  have  been  immunized  against  tetanus.  It 
preserves  its  specific  action  for  a very  long  time, 
as  it  is  put  up  in  tubes  which  have  been  hermeti- 
cally closed  by  our  special  method,  and  the 
tubes  being  completely  filled  the  atmospheric 
air  can  have  no  influence  on  the  contents.  No 
antiseptic  is  added,  which  conduces  materially 
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to  the  Serum  remaining  fit  for  use  for  a consider-  | 
able  period  of  time.  A slight  deposit,  which 
sometimes  forms,  is  of  no  consequence.  It 
consists  only  of  albumen,  which  is  always 
precipitated  in  course  of  time,  but  which  does 
not  affect  the  quality  of  the  Serum  in  the 
slightest  degree. 

The  anti-toxic  value  of  this  Serum,  measured 
by  the  French  system,  is  i : 2,500,000,  i.e.,  an 
injection  of  2,500,000th  of  the  weight  of  a j 
mouse  which  has  been  inoculated  with  a single  . 
fatal  dose  of  Tetanic  Toxin  suffices  to  keep  the 
animal  alive. 

Employment  as  a Prophylactic. 

Subcutaneous  injection  of  this  Serum  gives 
a temporary  immunity  against  Tetanus,  as 
Noqard's  experiments  on  the  larger  mammals 
show.  The  immunity  lasts  from  4 to  6 weeks, 
and  can  be  kept  up  by  repeating  the  injections. 
These  prophylactic  injections  should  be  used 
in  all  cases  of  injury  causing  contusions,  frac-  j 
tures,  or  destruction  of  the  tissues,  more 
especially  when  the  injured  parts  have  come  in 
contact  with  soil  or  dirt,  or  with  foreign  bodies 
which  have  been  stained  with  any  of  these 
substances. 

This  Serum  only  prevents  infection  with 
Tetanus,  and  has  no  effect  on  other  germs,  so 
that  of  course  it  is  necessary  to  disinfect  the 
wound  properly,  and  to  dress  it  in  the  usual 
manner. 

Ten  cc.  should  be  used  as  a prophylactic 
dose  for  an  adult ; in  very  severe  cases  another 
injection  may  be  given  a week  later. 

Employment  as  a Therapeutic  Agent. 

Although  the  preventive  action  of  the  Serum 
is  absolutely  certain,  the  therapeutic  action  is 
limited  when  Tetanus  has  already  declared 
itself  before  an  injection  of. antitoxin  has  been 
performed,  and  the  Serum  is  likely  to  be  of  any 
use  only  when  the  quantity  of  toxin  produced 
by  the  bacilli  is  not  much  larger  than  a single 
fatal  dose  and  its  development  has  been  gradual. 

When,  however,  a large  quantity  of  toxin  has 
been  produced,  which  is  shown  by  a short 
period  of  incubation  and  by  severe  symptoms,  the 
disease  generally  ends  fatally.  The  cause  of 
these  negative  results  must  be  attributed  partly 
to  the  fact  that  Tetanus  is  not  recognised  in 
time,  and  that  therefore  the  injection  is  made 
too  late ; partly  to  the  dose  of  Serum  employed 
being  too  small.  From  Knorr’s  experiments  we 
see  that  according  to  the  severity  of  the  affec- 
tion and  the  stage  which  it  had  reached  at  the 
moment  the  injection  was  made,  x-iooth,  or 
even  i-ioth  of  the  weight  of  the  animal  had  to 
be  injected  to  save  life.  On  the  other  side,  we 
know  from  the  experiments  made  by  Roux  and 
Borrel  that  the  intracerebral  injections  are 
infinitely  more  effective  and  certain  in  their 
action  than  intravenous  or  subcutaneous  injec- 
tions, and  that  a small  quantity  of  Serum 
injected  into  the  brain  is  sufficient  to  neutralise 
the  toxin  which  is  held  fast  by  the  tissues  of 
that  organ.  Human  beings  stand  these  injec- 
tions very  well,  so  that  we  advise  their  applica- 
tion in  all  cases  of  Tetanus. 

Method  of  Making  an  Intracerebral 
Injection. 

After  shaving  that  part  of  the  head  where  the 
operation  is  to  take  place,  the  skin  and  cranium  j 


are  perforated  with  the  drill  2-3  cm.  from  the 
middle  line,  and  2-3  cm.  in  front  of  the  fronto- 
parietal suture  in  the  direction  of  the  foramen 
occipitale  magnum.  The  needle  of  the  syringe 
is  now  introduced  in  the  same  direction  to  the 
depth  of  3 cm.,  and  the  serum  injected.  In 
this  wise,  entry  is  obtained  to  one  of  the  side 
ventricles,  or,  at  any  rate,  so  near  to  it  that  the 
liquid  injected  penetrates  into  it,  and  thus 
reaches,  by  the  way  of  the  foramen  of  Monro 
and  the  canalis  centralis,  the  fourth  ventricle. 
10  cc.  of  the  serum  should  thus  be  injected  at 
once,  a dose  which  is  easily  borne  by  child  or 
adult  without  any  reaction  taking  place. 

General  or  local  anaesthesia  may  well  be  dis- 
pensed with. 

If  it  be  necessary  to  repeat  the  injection,  a 
new  perforation  should  be  made  on  the  opposite 
side  of  the  head. 

This  method  of  trepanning  is  recommended 
by  Kocher  as  the  easiest  and  least  painful  and 
risky. 

In  order  to  neutralise  the  toxin  which  are 
otherwise  circulating  in  the  system,  an  in- 
travenous injection  should  immediately  follow 
the  intracerebral  one  (50  to  100  cc.).  This  in- 
jection we  consider  to  be  absolutely  necessary, 
especially  in  those  cases  where  Tetanus-bacilli 
or  their  toxin  is  still  to  be  found  in  the  wound 
It  is  made  in  the  median  vein.  The  modus 
operandi  is  very  simple,  viz. : 

A syringe-needle  is  fastened  to  one  end  of 
an  indiarubber  tube,  to  the  other  end  a small 
glass  funnel.  The  tube  is  closed  with  a pinch- 
cock.  The  funnel  and  tube  must  be  filled  with 
a 7 per  cent,  salt  solution,  which  has  previously 
been  boiled  and  cooled.  To  see  that  all  is  in 
good  working  order  the  apparatus  must  then  be 
tried  by  opening  the  pinchcock  and  allowing  a 
small  quantity  of  the  solution  to  run  out.  The 
patient's  arm  must  then  be  strapped  as  for  vene- 
section, and  the  syringe-needle  inserted  in  a fold 
of  the  skin  over  the  vein.  The  needle  should 
then  be  drawn  back  slightly — the  skin  goes  back 
with  it — in  order  to  obtain  room  for  pushing  the 
needle  into  the  vein.  The  strap  can  now  be 
loosened  and  the  salt  solution  allowed  to  flow 
out.  If  it  flows  properly,  the  cock  must  be 
again  closed  for  a moment  and  the  Serum  (5  to 
10  doses)  poured  into  the  funnel.  When  the 
cock  is  open  the  Serum  flows  into  the  vein. 
Before  the  funnel  becomes  quite  empty  it  should 
be  once  more  filled  with  the  7 per  cent,  salt 
solution,  so  that  all  the  Serum  may  be  washed 
out  and  none  lost.  Before  the  funnel  is  quite 
empty  the  needle  must  be  withdrawn  and  the 
puncture  compressed  for  a moment.  An  injec- 
tion performed  in  this  way  without  ligature  or 
incision  takes  only  five  minutes. 

Subcutaneous  Injection. 

These  injections  can  be  made  either  under  the 
skin  of  the  thigh,  abdomen,  side  of  thorax,  or 
arm,  using  the  usual  antiseptic  precautions. 

These  injections  should  be  made  when  an 
intravenous  injection  is  not  considered  practic- 
able. 

NET. 

s.  d. 

Antityphoid  Serum.  10  cc.  . . ..40 

Only  to  be  used  in  cases  of  genuine  typhoid 
fever  (Widal's  reaction).  It  has  been  observed 
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in  a number  of  cases  that  shortly  after  an  injec- 
tion of  this  Serum  the  temperature  rises,  but 
only  to  sink  again  later  (Spirig.  Lanz,  Kalt). 
The  stage  of  ‘ continua,’  therefore,  often  shows 
the  type  of  the  remittent,  or  third  period  of  the 
disease.  The  Serum  should  be  injected  in 
quantities  of  10  cc.  as  a daily  dose.  During 
epidemics  of  typhoid  fever  it  is  often  advisable 
to  give  persons  who  stand  in  danger  of  infection 
a prophylactic  dose  of  io  cc. 


NET. 

s.  d. 

Antiutreptococcus  Serum,  io  cc.  . . 2 6 

Can  be  employed  with  advantage  in  cases  of 
acute  streptococcus  infection,  such  as  puerperal 
fever,  erysipelas,  scarlatina  complications,  an- 
gina, arthritis,  phlegmon,  pyaemia,  etc.  The 
treatment  should  generally  be  commenced  by 
injecting  two  to  three  doses  of  io  cc.  at  once,  to 
be  followed  by  a daily  injection  of  one  to  two 
doses  until  the  patient's  condition  shows  marked 
improvement  and  the  temperature  sinks. 

Also  in  cases  of  chronic  streptomycosis,  such 
as  rheumatism,  mixed  tuberculous  infection, 
etc.,  this  serum  gives  excellent  results,  and  is 
then  employed  in  doses  of  io  cc.,  to  be  repeated 
once  or  twice  weekly. 


MALLEINE. 

s.  cU 

Dose  i cc * • . 10 

Directions  -For*  Use. 

t. — The  dose  of  Malleine  for  a horse  is  i cc.,  the  contents 
of  one  flask. 

3. — Preparation  of  the  Animal. — The  animal  should 
have  its  temperature  taken  once  or  twice  on  the  day  before 
injection.  Afterwards  it  should  be  carefully  kept  in  the 
stable  and  protected  from  draughts. 

3.  — Syringe. — A clean  hypodermic  syringe,  with  asbestos 
packing,  should  be  preferred,  the  instrument  being  sterilized 
by  boiling  in  water  before  use. 

4.  — The  temperature  should  be  taken  at  the  time  of 
injection,  and  after  nine,  twelve,  and  fifteen  hours. 

5.  — Temperature  Reaction.— In  a healthy  horse  with 
normal  temperature  (under  101  degrees)  there  should  be 
practically  no  rise  of  temperature  after  the  injection,  at  any 
rate  not  above  102  degrees.  In  a glandered  horse  the 
temperature  will  rise  to  from  103  to  105  degrees  within 
fifteen  hours  of  injection. 

6.  — Local  Reaction. — In  a healthy  horse  the  local 
swelling  reaches  its  maximum  within  fifteen  hours.  It  does 
not  exceed  three  to  four  inches  in  diameter,  and  disappears 
within  twenty-four  hours.  In  a glandered  animal  the 
swelling  does  not  reach  its  maximum  until  at  least  forty- 
eight  hours,  and  does  not  decline  before  the  third  or  fourth 
day.  In  diameter  it  may  vary  from  five  to  ten  inches. 

7.  — Diagnosis.— A rise  of  temperature  from  normal  to 
104  degrees  within  fifteen  hours,  accompanied  by  a large, 
slowly  disappearing  swelling  at  the  site  of  injection,  is 
surely  diagnostic  of  glanders. 

When  the  temperature  reaction  alone,  or  the  large 
swelling  alone,  occurs  after  injection,  the  temperature 
having  originally  been  normal,  the  case  must  be  regarded 
as  doubtful,  and  the  injection  should  be  repeated  after  the 
lapse  of  a week. 

When  the  temperature  is  originally  elevated  a diagnosis 
may  be  arrived  at  from  the  characters  of  the  local  swelling 
alone. 

net. 

s.  d. 

Tuberculin  (diluted  and  sterile).  3 cc.  0 10 

,,  4 cc.  10 

5 cc.  12 


NET. 

s.  d 

Coley’s  Fluid  (Erysipelas).  1 cc.  ..16 

, , , , , , 2 CC , ■ • 2 6 

The  tubes  contain  1 or  2 cc.  Employed 
for  injection  in  cases  of  malignant  tumours, 
more  especially  sarcoma.  Dose,  1 tube. 


Antityphoid  Extract  (Dr.  Jez).  In  bottles 

of  100  to  200  cc.  . . Per  100  cc.  8 6 


ANTIPLAGUE  VACCINES  AND  SERUMS. 

Professor  Lustig's  Antiplague  Vaccine  net 

in  hermetically  sealed  flasks  of  £ s.  d. 
21  cc.  for  3 immunizations  ..  0 5 0 

Professor  Lustig's  Antiplague  Vaccine 
in  hermetically  sealed  flasks  of 
1,000  cc.  for  143  immunizations  8 0 0 

NOTICE 

For  the  use  of  the  Plague  Prophylactic 

prepared  after  Prof.  Lustig’s  Method. 

This  chemical  vaccine,  with  which  it  is  easy 
to  determine  the  doses,  is  delivered  as  follows : 

1.  In  bottles  containing  0 04  gramme  nucleo- 

proteid,  dissolved  in  21  cc.  of  alkaline 
solution,  sufficient  for  three  immuniza- 
tions, with  three  inoculations  each. 

2.  (a)  Bottles  containing  2 0 grammes  dry 

nucleo-proteid  in  powder. 

( b ) Bottles  containing  1 litre  of  sterilized 
alkaline  solution. 

The  contents  of  one  bottle  (a)  should  be  dis- 
solved in  one  bottle  (6),  and  then  allowed  to 
stand  for  twenty-four  hours  in  a cool  place. 
This  quantity  suffices  for  143  immunizations, 
with  three  inoculations  each. 

Before  use  the  bottles  must  be  shaken.  A 
full  immunization  requires  three  inoculations : 
the  first  dose  being  ij  cc.,  the  second  2 £ cc., 
and  the  third  3 cc. 

The  intervals  between  the  inoculations  must 
depend  on  the  reaction  shown  by  the  patient. 
As  a rule  the  second  injection  is  to  be  performed 
when  the  patient  has  fully  recovered  from  the 
slight  fever  which  follows  the  first  inoculation. 

Before  the  inoculation  the  skin  should  be 
washed  with  soap  and  sublimate,  and  the 
syringe  thoroughly  disinfected  with  carbolic 
solution  (3  per  cent.).  The  best  places  for  such 
inoculations  are  the  external  sides  of  the  arms. 
Care  should  be  taken  to  avoid  the  nervus 
radialis. 

NET. 

s.  d. 

Haffkine’s  Antiplague  Vaccine  21  cc.  . . 4 6 

This  preparation  is  nothing  else  than  an  emul- 
sion of  a sterilized  culture  of  the  plague-bacillus. 
The  active  principles  are  chiefly  contained  in  the 
bacterial  proteins,  so  that  it  is  most  important 
to  shake  the  flasks  thoroughly  before  use,  in  order 
to  obtain  a completely  homogeneous  emulsion. 

The  normal  dose  for  an  adult  is  3 cc.,  for  a 
child  r cc.  For  adults  of  small  stature,  or  bigger 
children,  a dose  of  2 cc.  should  be  injected. 

If  it  is  desired  to  increase  the  duration  of  the 
immunity,  or  to  render  it  more  certain,  the  in- 
jection can  be  repeated  in  8 to  10  days,  as  soon 
as  the  symptoms  of  reaction  produced  by  the 
first  inoculation  have  subsided. 
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It  is  of  importance  that  it  should  be  known  ; 
that  the  immunity  conferred  by  these  injections  1 
does  not  commence  until  8 to 9 days  have  elapsed, 
and  that  in  the  period  immediately  following 
the  injection  the  susceptibility  to  infection  is  not 
diminished. 

NET. 

s.  d. 

Antiplague  Serum  10  cc.  (after  Yersin)  . . 4 0 

Potency  = 1 to  500. 


STERILIZED  GELATINE. 

Gelatine  has  recently  been  employed  with 
success  in  hiemorrhages  of  all  kinds,  and  the 
reports  about  it  which  come  to  us  from  Arcangeli, 
Klemperer,  Roux,  Bernard  and  Reynier  are 
worthy  of  attention. 

Unfortunately,  we  have  heard  a great  deal  of 
tetanus  infection  accompanying  the  employ- 
ment of  Gelatine.  This  danger  can,  however, 
be  avoided  by  using  only  Sterilized  Gelatine. 
At  our  Institute  in  Berne  we  are  making  such  a 
preparation,  and  we  can  highly  recommend  it 
to  the  Profession  as  absolutely  free  from  tetanus 
or  any  other  toxin. 

Indications  for  Use. 

Haemoptysis,  Rectal  Haemorrhage,  Haemor- 
rhage during  Pregnancy,  Haemorrhages  from 
Wounds  or  Injuries,  Haemophilia,  Aneurysm, 
Haematemesis,  Melanaemia,  Metrorrhagia,  Epis- 
taxis. 

In  many  cases  of  these  pathological  condi- 
tions Sterilized  Gelatine  is  not  only  a valu- 
able aid,  but  if  used  systematically  becomes  a 
successful  therapeutic  agent. 

Directions. 

In  superficial  haemorrhages  sterilized  absorbent 
cotton  is  saturated  with  the  Sterilized  Gela- 
tine and  used  as  a tampon. 

In  haemorrhages  occurring  in  cavities,  these 
cavities  are  filled  with  Sterilized  Gelatine  1 
and  then  plugged  with  sterilized  absorbent 
cotton. 

In  internal  haemorrhages  not  easy  of  access 
the  Sterilized  Gelatine  is  hypodermically  I 
injected.  Under  circumstances  both  tampon 
and  injection  may  be  resorted  to. 

Mode  of  Injection. 

The  best  syringes  for  this  purpose  are  those  j 
generally  used  for  Serum  injections.  All  the 
necessary  precautions  must,  of  course,  be  j 
observed.  The  injection  itself  should  be  made  I 
very  slowly  after  the  temperature  of  the  Gelatine  1 
has  been  raised  to  blood  heat. 

Gelatine  is  best  injected  under  the  skin  on  | 
the  outer  side  of  the  thigh. 

Dosage. 

In  Epistaxis. — The  affected  nasal  cavity  is 
filled  with  Sterilized  Gelatine  and  plugged 
with  sterilized  cotton. 

In  Injuries. — A sufficient  quantity  of  Steri- 
lized Gelatine  should  be  poured  into  the  I 
wound  and  absorbent  cotton  saturated  with 
Sterilized  Gelatine  placed  upon  the  wound. 

In  Arterial  and  Venal  Haemorrhage.  —Same 
as  in  Injuries. 


In  Rectal  Haemorrhage. — Injection  of  30  to 
100  cc.  of  Sterilized  Gelatine. 

In  Metrorrhagia  — If  due  to  endometritis, 
an  intra-uterine  injection  of  10  cc.  Sterilized 
Gelatine  should  be  given.  If  due  to  fibro- 
myoma,  15  cc.  of  Sterilized  Gelatine  should 
be  injected  and  the  cavity  closed  with  saturated 
absorbent  cotton. 

Haemorrhage  during  Pregnancy.  — Cptton 
tampons  saturated  with  Sterilized  Gelatine 
should  be  inserted  in  the  vagina.  These  tam- 
pons should  be  changed  after  a quarter  of  an 
hour  and  the  vagina  be  thoroughly  syringed 
with  a warm  sterilized  solution  of  soda  and  salt. 
After  that  the  tampons  should  be  changed  once 
in  twenty-four  hours  during  five  to  six  days. 

Haemoptysis.  — iocc.  of  Sterilized  Gelatine 
at  a temperature  of  98°  to  ioo°  Fahr.  should  be 
slowly  injected  with  an  hypodermic  syringe  in 
the  outer  thigh.  Cybulski  says  that  in  some 
cases  as  much  as  100  to  200  cc.  may  be  injected 
within  24  hours. 

Haemorrhagic  Pleuritis.  — 200  cc.  of  warm 

Sterilized  Gelatine  should  be  injected 
under  the  skin.  The  result  is  not  only  an 
early  arrest  of  the  haemorrhage,  but  also  a 
diminution  of  the  pleuritic  exsudations. 

Purpura  Haemorrhagica. — Twice  in  24  hours 
a subcutaneous  injection  of  10  cc. 

In  Surgical  Operations. — Applications  of  tam- 
pons saturated  with  Sterilized  Gelatine. 

In  Aneurysm. — Once  a week  a slow  sub- 
cutaneous injection  (lasting  at  least  a quarter 
of  an  hour)  should  be  made  of  100  to  200  cc. 
of  Sterilized  Gelatine  at  blood  heat  tem- 
perature. Favourable  results  may,  however, 
only  be  expected  in  aneurysms  of  the  aorta  of 
the  sacculated  type.  In  fusiform  aneurysms 
the  results  have  been  of  a negative  character. 


Prices. 

net. 

s.  d. 

Sterilized  (10  per  cent.)  Gelatine,  con- 
tained in  hermetically  sealed  glass 

tubes  of  10  cc.  . . . . . . , . 10 

Sterilized  (10  per  cent.)  Gelatine,  con- 
tained in  hermetically  sealed  glass 

tubes  of  50  cc.  . . . . ..26 

Sterilized  (10  per  Cent.)  Gelatine,  con- 
tained in  hermetically  sealed  glass 

tubes  of  100  cc.  . . . . . . 3 


SERUM  TRUNECEK. 


The  composition  of  this  Serum,  which  con- 
tains the  soluble  alkalies  of  the  blood  in 
concentrated  form,  is  as  follows  : — 


Potass  sulfuric. 
Natrium  sulfuric. 
Natrium  chlorat.  . . 
Natrium  phosphoric 
Natrium  carbonic. 


Per  Cent. 

• • . . 0*40 

..  o-44 

..  492 

..  015 

• • ..  021 


Analysis  of  Normal  Blood  Serum  after 
Hoppe-Seyler  : 


Natrium  sulfuric. 
Natrium  chlorat. . . 
Natrium  phosphoric. 
Natrium  carbonic. 
Calcium  phosphoric. 
Magnesium  phosphoric. 


Per  Cent 

..  044 

..  492 

..  o 15 
..  0*21 

••  0 73 
■ • °'73 
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This  proves  that  Serum  Trunecek  is  ten 
times  more  concentrated  as  regards  these  salts 
than  normal  blood  serum,  and  that  it  contains 
sulphate  of  potassium  instead  of  phosphate  of  cal- 
cium and  magnesium.  This  artificial  serum  is 
an  absolutely  clear,  transparent,  and  sterile 
fluid;  has  a salty  taste  and  an  alkaline  reaction. 
It  is  put  up  in  tubes  of  1 cc. 

The  physiological  effect  of  the  Serum  is  to 
raise  the  percentage  of  alkalies  in  the  blood, 
and  thereby  increase  the  alkalinity  of  the  blood 
itself.  In  consequence  it  is  enabled  to  dissolve 
the  phosphate  of  calcium  that  may  have  been 
deposited  on  the  walls  of  the  arteries.  It 
stimulates  change  of  matter,  cell-function  is 
rendered  normal,  and  in  this  manner  the  func- 
tions of  the  various  organs,  especially  of  the 
heart  and  of  the  vascular  system,  are  regulated. 

Indications. 

General  and  local  sclerosis  of  the  arteries, 
especially  of  the  heart,  the  brain,  and  the 
kidneys,  hemiplegia,  and  aneurysm. 

Mode  of  Application  and  Dosage. 

The  Serum  is  subcutaneously  injected  with 
a carefully  sterilized  syringe  in  doses  of  1 cc. 
every  two  or  three  days.  The  quantity  of  the 
dose,  however,  will  depend  upon  the  tolerance  of 
the  patient,  and  it  may  be  advisable  to  adhere 
to  the  same  dosage  as  much  as  possible.  In 
some  patients  even  as  much  as  3 cc.  may  be 
injected.  It  seems,  therefore,  the  better  policy 
to  rather  increase  the  number  of  injections  than 
the  quantity  per  injection. 

The  Serum  is  sold  in  boxes  containing  six 
tubes  of  1 cc.  each  (6  doses)  at  2s.  net. 


TEGMINE  VACCINATION  PADS. 

Price  Is.  6d.  per  packet  for  THIRTY  Vaccinations. 

Tegmine  is  an  Epidermine  of  Oxide  of  Zinc, 
and  is  prepared  under  the  most  rigorous  aseptic 
precautions. 

Tegmine  has  been  found  at  the  Imperial 
Institute  for  the  Cultivation  of  Calf  Vaccine 
in  Vienna  to  be  the  most  suitable  and  reliable 
protection  in  vaccination 

Tegmine  is  sterilized  by  steam.  It  is  drawn 
into  the  sterilized  zinc  tubes  by  means  of  a 
pneumatic  apparatus. 

Method  of  Application. 

Immediately  after  the  Vaccine  has  been  care- 
fully rubbed  into  the  scarifications,  a drop  of 
Tegmine  may  be  squeezed  from  the  tube  on  to 
the  lancet  and  with  the  flat  blade  carefully 
spread  over  the  spot  where  the  scarifications 
have  been  made. 

Before  this  thin  cover  has  hardened  one 
Textile  Circular  Pad  can  easily  be  dabbed  upon 
the  scarification  with  the  lancet.  This  cover 
will  remain  at  least  48  hours  upon  the  skin 
without  causing  irritation  or  inconvenience  of 
any  kind. 

Tegmine  dries  very  rapidly,  thus  allowing  of 
immediate  restoration  of  the  personal  comfort 
of  the  person  vaccinated.  No  other  pads  or 
protective  appliances  are  required  where  the 
Tegmine  Pad  is  employed. 


Seven  days  after  the  vaccination  has  taken 
place,  the  “ Dry  Treatment"  of  the  pustules 
with  an  Antiseptic  Powder  is  highly  recom- 
mended. 


DETERGENE. 


A New  Antiseptic,  Non-Poisonous  Dusting 
Powder. 


This  powder  has  great  soothing  and  healing 
powers  if  dusted  upon  vaccination  marks  two  or 
three  times  a day  when  they  begin  to  weep 
freely.  It  should  be  dusted  (not  dabbed) 
through  the  opening  in  the  side  of  the  box 
direct  upon  the  vesicles. 

Its  use  is  highly  recommended  by  leading 
men  in  the  profession. 

It  may  also  be  applied  in  cases  of  eczema  or 
used  as  a toilet  article,  as  it  contains  cosmetic 
qualities  of  exceptional  merit. 

Turn  the  lid  slightly  to  the  right,  when  the  box  will  be 
ready  for  use.  To  remove  the  lid,  raise  it,  when  it  is  in  the 
position  for  use. 

Price  Is.  per  box  net.  May  be  obtained  of  all 
Chemists. 


MEDICATED  SOLUTIONS. 

In  hermetically  sealed  flasks.  Guaranteed 
Absolutely  Sterile. 

NET. 

Cocaine  mur.  2 per  cent.  1 cc.  (in  boxes  s.  d. 

of  6 flasks)  . . . . . . ..13 

Cocaine  mur.  5 per  cent.  1 cc.  (in  boxes 

of  6 flasks)  . . . . . . ..20 

Ergotine  dialys.  liq.  25  per  cent.  1 cc. 

(in  boxes  of  6 flasks)  . . . . ..26 

Each  tube  contains  1 cc.  Employed  in  cases 
of  Haemorrhage  post  part.,  Metrorrhagia, 
Aneurism,  etc.  Dose,  1 tube. 

Eucaine  5 per  cent.  1 cc.  (in  boxes  of  6 

flasks) 2 0 

Each  tube  contains  1 cc.  Employed  as  local 
anaesthetic,  especially  in  operations  of  the  throat 
and  nose,  dentistry,  etc.  Dose,  x tube. 

Morph,  sulph.  1 per  cent,  x cc.  (in 

boxes  of  6 flasks)  . . . . ..13 

Morph,  sulph.  2 per  cent.  . . . . 16 

,,  5 2 0 

Ferr.  Kakodyl.  0 05  cc.  (in  boxes  of  6 

flasks)  . . . . . . . . ..20 

Each  tube  contains  x cc.  Employed  in 

Chlorosis  and  Anaemia.  Dose,  1 tube. 

Sod  Kakodyl.  o 05  cc.  (in  boxes  of  6 

flasks)  . . . . 2 0 

Each  tube  contains  1 cc.  Employed  in 

Anaemia,  Chlorosis,  Neurasthenia,  Phthisis  (not 
complicated  by  haemoptysis),  affections  of  the 
skin,  etc.,  also  as  stimulant.  Dose,  1 tube. 
Schleich  med.  (cocaine).  2 cc.  (in  boxes 

of  4 flasks)  . . . . . . ..16 

Schleich  med.  (cocaine).  5 cc.  (in  boxes 

of  4 flasks)  . . . • • • ..29 

Schleich  med.  (cocaine).  10  cc.  per 

tube  . . • • • • -.13 

The  tubes  contain  2,  5,  and  10  cc.  Employed 
as  local  anaesthetic  for  external  tissues.  Dose, 
1 or  more  tubes  of  the  required  size. 
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REBMAN’S  PURE  ASEPTIC  GLYCERINATED 
CALF  LYMPH. 


Free  from  Erysipelas  and  Tubercle. 

Prepared  under  Government  Control,  and 
complying  with  all  the  requirements  of  the 
Local  Government  Board. 

Specially  licensed  by  the  Local  Government 
Board  for  use  on  board  ship. 

Small  Tube  for  One  Vaccination,  6d. 

Whole  Tube,  for  Three  to  Five  Vaccinations,  Is. 

Scarifying  Needles  (steel),  2s.  per  dozen 

During  a number  of  years  of  experience  in 
the  Vaccine  business,  we  have  had  special 
opportunities  for  observing  the  peculiarities  of 
calf  lymph.  We  have  found  that  many  of  the 
preparations  now  ito  the  market  are  of  uncertain 
stability,  and  that  almost  all  the  Institutes 
where  calf  lymph  is  cultivated  have  been  ! 
periodically  attacked  by  epidemics  of  inertness, 
a fact  which  has  caused  a great  deal  of  annoy- 
ance and  disappointment  to  vaccinators  in 
private  practice  as  well  as  in  the  public  service. 

We  early  recognised  the  great  advantages 
which  accrued  from  the  preservation  of  the 
lymph  with  Pure  Glycerine,  a method  which 
has  received  the  sanction  of  the  leading  au- 
thorities on  the  subject,  and  which  has  been 
recently  recommended  by  the  Royal  Commis- 
sion on  Vaccination.  We  nave  therefore  every 
confidence  in  our  Glycerinized  Calf  Lymph, 
especially  as  it  is  prepared  under  the  most 
favourable  circumstances  obtainable,  in  the 
purest  of  air,  in  premises  arranged  according 
to  the  best  hygienic  rules,  on  cattle  of  the 
soundest  and  healthiest  breed,  and  under  the 
constant  and  regular  supervision  of  Govern- 
ment Health  Officers,  It  is  a pure  calf  lymph, 
cultivated  from  calf  to  calf,  and  is  prepared  from 
vesicles  most  scrupulously  selected  by  an  expert. 

It  is  put  up  with  the  greatest  care  and  under 
conditions  of  absolute  cleanliness,  in  sterilized 
and  accurately  sealed  tubes. 

Before  the  calf  is  inoculated  with  the  virus,  it 
is  tested  with  tuberculin.  When  the  vaccine 
has  been  removed  from  the  calf,  the  Govern- 
ment Inspector  sees  that  the  calf  is  slaughtered, 
and  he  himself  makes  a thorough  examination 
of  the  carcass.  If  symptoms  of  any  transfer- 
able disease  should  be  present,  the  lymph  taken 
from  that  calf  is  destroyed  by  him. 

Moreover,  recent  research  has  proved  that 
when  calf  lymph  is  quite  fresh  it  contains  many 
foreign  micro-organisms.  These  have  to  be 
destroyed.  This  is  done  by  storing  the  lymph 
in  glycerine  for  a certain  period  before  it  is 
drawn  into  tubes,  so  that  when  it  goes  on  the 
market  from  us  it  is,  practically  speaking,  germ-  ] 
free.  But  as  the  glycerine  destroys  also  the 
efficacy  of  the  virus  itself  in  the  course  of  time, 
the  lymph  should  not  be  used  when  over  a 
certain  age,  as  it  is  then  inert. 

If  the  necessary  precautions  are  taken  at  the 
time  when  scarification  is  made  and  a pure 
reliable  calf  lymph  is  employed,  there  can  be 
no  untoward  results.  The  reaction  should  be 
quite  normal,  without  areola  or  any  kind  of  in-  ! 
nammation,  unless  the  person  thus  operated  on 
is  already  suffering  from  latent  disease.  We 


have  known  cases  where  children  were  taken 
very  ill  subsequent  to,  but  not  in  consequence  of, 
vaccination.  Where,  for  instance,  hereditary 
latent  syphilis  is  present  in  the  child,  the  results 
observed,  under  such  circumstances,  after  vac- 
cination may  be  of  a fatal  nature.  Vaccination 
should  not  be  blamed  for  that,  because  any  other 
injury  to  the  body  would,  under  the  same  cir- 
cumstances, bring  about  the  same  result ; for 
instance,  a scratch  with  an  ordinary  needle  or 
pin  would  cause  a Syphilitic  ulceration  with  pos- 
sible serious  consequences.  Remedies  against 
such  accidents  are  obvious. 

The  distinguishing  features  of  our  prepara- 
tion are  : 

(1)  The  lymph  is  unvarying  in  its  re- 

liability. 

(2)  It  is  always  normal  in  its  reaction. 

(3)  It  is  pleasing  in  appearance  and  readily 

manipulated. 

(4)  The  tubes  contain  more  vaccine  than 

those  usually  sold  at  the  same  price. 

Opinions  of  a number  of  experienced  Public 
Vaccinators  and  other  medical  men  will  be 
found  on  the  following  pages. 

Directions  tor  Use. 

To  obtain  good  results  with  this  Lymph,  It  Is  im- 
portant to  observe  the  following  points. 

i. — Make  scarifications  or  incisions,  and  not  mere  punc- 
tures, taking  care  to  draw  as  little  t>lood  as  possible,  as  it  is 
desirable  to  bring  the  Vaccine  Matter  in  contact  with  a 
larger  surface  than  is  afforded  by  a simple  puncture. 

2- — Be  careful  that  the  Vaccine  penetrates  well  into  the 
scarification.  Success  depends  in  a great  measure  upon 
this  precaution. 

3-  — It  is  most  essential  that  the  lancet  and  the  part 
operated  upon  be  absolutely  clean.  The  lancet-blade 
should  be  cleansed  by  passing  it  through  the  flame  of  a 
spirit-lamp  before  each  vaccination,  and  the  part  to  be 
operated  upon  should  be  cleansed  with  soap  and  water,  and 
then  rubbed  over  with  alcohol  or  ether,  but  not  with  a 
disinfecting  solution. 

4.  — Immediately  after  the  Vaccine  has  been  carefully 
rubbed  into  the  scarification,  a drop  of  Tegmine  may 
be  squeezed  from  the  tube  on  to  the  lancet  and  with  the  flat 
blade  carefully  spread  over  the  spot  where  the  scarifica- 
tions have  been  made.  For  the  first  few  days  after  the 
operation  the  inoculated  part  should  not  be  touched,  and 
baths  or  ablutions,  etc.,  are  not  recommended. 

5. — Keep  the  Lymph  In  a cool  and  dark  place. 

6. — Do  not  carry  it  about  with  you  in  your  waistcoat  or 
any  other  pocket  where  the  vaccine  is  exposed  to  the  body 
heat  by  contact. 


Special  INotice. 

1. — Hot,  and  especially  variable,  temperatures  specially 
injure  Vaccine. 

a. — Hot  temperatures  increase  enormously  the  number 
of  gertns  in  fluid  Lymph  other  than  that  stored  in  glycerine. 

3.— Glycerine  will  not  destroy  the  extraneous  bacteria  in 
Lymph  when  stored  at  or  below  the  freezing-point. 

4-— Continued  exposure  of  germs  to  low  temperature, 
when  constant,  does  not  destroy  their  activity,  and  but 
slightly  decreases  their  number. 

Eestlmontala. 


Messrs.  REBMAN,  LIMITED,  have  much  pleasure  In 
calling  the  attention  of  the  Medical  Profession  to 
the  letters  attached  hereto  : 

Copy  0/  letter  from  Dr.  Robertson,  Medical  Officer  o> 
Health  /or  Leith. 

Public  Health  Office, 

71,  Constitution  Street,  Leith. 
..  April  1,  igot. 

Messrs.  REBMAN,  LTD. 

Dear  Sirs, — During  the  Glasgow  outbreak 
of  smallpox  we  adopted  free  vaccination  in 
Paisley.  Over  1 5 tOOO  vaccinations  were  per- 
formed with  your  lymph,  and  I know  of  no 
case  where  it  failed,  or  where  it  produced  ill 
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results.  It  is  certainly  the  most  potent  lymph 
that  has  passed  through  my  hands.  I cannot 
give  you  the  totals  for  Leith,  but  equally  good 
results  are  being  obtained  with  your  lymph. 

Yours  faithfully, 

(Signed)  Wm.  Robertson,  M.D.,  D.P.H.. 

Late  M.O.H. , Paisley. 

You  are  free  to  use  this  statement, 
as  it  is  a statement  of  fact. 

W.  R. 

Glasgow, 

April  24,  1901. 

To  Messrs.  REBMAN,  LIMITED, 

129,  Shaftesbury  Avenue, 

Cambridge  Circus,  London. 

Dear  Sirs, — During  the  late  epidemic  of 
smallpox  in  Glasgow,  we,  as  agents  of  your 
lymph,  sold  to  the  Corporation  of  Glasgow,  to 
medical  men  in  Glasgow  and  the  West  of  Scot- 
land, the  large  number  of  7 2,000  tubes  of 
lymph.  The  gratifying  feature  of  this  large 
sale  was  the  fact  that  we  had  nothing  but 
the  best  reports  of  it  from  all  our 
customers  as  to  its  efficacy,  failures  being 
practically  unknown.  This,  we  think, 
speaks  very  highly  for  your  lymph,  and  shows 
that  in  any  similar  outbreak  it  can  be  abso- 
lutely depended  on. 

With  compliments, 

We  are,  yours  truly, 
p.  NEW  APOTHECARIES  CO., 
Wm.  Greig,  Manager. 


Copy  0/  Letter  from  Dr.  C.  Jones , Guernsey , dated 
Jan.  15th,  1901. 

To  Messrs.  REBMAN,  LIMITED, 

129,  Shaftesbury  Avenue,  London,  W.C. 

Dear  Sirs,— Please  send  another  supply  of  your  Glycer- 
inated  Calf  Lymph. 

REMARKS : 

Satisfactory  as  usual.— C.  J. 

Total  vaccinations  in  four  years  - 3,528, 
Failures  - - - - 11- 

(Signed)  C.  J. 


Copy  0/  Letter  from  Dr.  C.  Jones , Guernsey,  dated 
Jan.  18  th,  1901. 

To  Messrs.  REBMAN,  LIMITED, 

London,  W.C. 

Dear  Sirs,— The  record  I gave  a few  days  ago  was  not 
quite  correct.  The  total  amounts  to  over  4,000  cases, 
most  of  which  were  done  in  the  rush  of  an  epidemic  of  small- 
pox. The  only  failures  were  six  cases,  done  from  two 
tubes,  the  remaining  5 failing  after  three  or  four  revac- 
cinations. 

You  are  at  liberty  to  make  what  use  you  like  of  the  above 
information. 

Faithfully  yours, 

(Signed)  Chas.  Jones. 


Board  of  Trade  Offices, 

Liverpool. 

Dear  Sir, — In  reply  to  your  letter  of  the 
12th  inst.,  which  was  forwarded  to  the  Board 
of  Trade,  I beg  to  state  that  no  objection  will 
be  made  to  the  use  of  " Emulsified  Calf 
Lymph  ” on  board  ship,  in  place  of  " Human- 
ized Lymph,”  but  owners  cannot  be  compelled 
to  carry  it  to  the  exclusion  of  ordinary  lymph. 

I am,  Sir, 

Your  obedient  servant, 

(Signed)  H.  Y.  Wilcox, 

F.  J.  Rkbman.  Esq.,  Principal  Officer. 

London. 


I hereby  certify  that  I have  vaccinated  800  persona 
with  calf  lymph  obtained  from  Mr.  Rebman,  and  that  I had 
only  two  arms  which  did  not  take.  The  vesicles  in  all  the 
subjects  were  perfect,  and  I had  not  a single  sore  arm. 
j all  having  healed  within  a reasonable  time.  I would  be 
most  desirous  to  give  the  strongest  recommendations  to  this 
: Lymph,  which  is  the  best  I have  ever  used. 

Richard  Gibbs,  L.R.C.P.  Edin., 

Medical  Officer . Dublin. 

Dear  Sir,— I have,  as  you  know,  used  your  calf  lymph 
now  for  several  years,  and  am  perfectly  satisfied  with  the 
results.  The  lymph  in  my  hands  has  always  produced 
uniform  action,  being  perfectly  reliable,  even  after  keeping 
for  several  months.  One  great  feature  is  that,  being  mixed 
with  glycerine , it  does  not  rapidly  dry  when  applied  to  the 
arm,  and  can  therefore  be  well  rubbed  in. 

Yours  truly, 

F.  W.  H.  L.  Day,  L.R.C.I*.,  etc., 
Haldock. 

Dear  Sir,— I have  used  your  lymph  now  for  several 
years  exclusively,  and,  judging  from  its  effects,  I should 
imagine  it  is  of  excellent  quality.  It  very  rarely  fails  to 
‘ take,’  and  in  no  single  instance  has  it  been  followed  by  a 
: disagreeable  rash.  Your  ts.  tubes  are  quite  full  (not  half, 
or  even  one-third,  as  has  been  mff  experience  elsewhere), 
and  are  sufficient  for  three  or  four  vaccinations. 

Yours  truly, 

T.  Granville  Hockridce,  M.D.,  M.R.C.S.E., 
Wilmington  Square,  W.C. 

Gentlemen, — \Ve  have  used  your  calf  lymph  for  all  our 
vaccination  cases  duriug  the  last  five  months.  \Ve  have  not 
had  a single  case  Of  failure,  and  are  most  satisfied 
: with  the  results  obtained.  VVe  find  that  we  can  vaccinate 
1 many  cases  thoroughly  and  successfully  from  one  tube,  and 
have  never,  with  preserved  lymph,  obtained  similar  results 
before. 

(Yours  fai.hfully, 

John  McGibbon,  M.B., 

P.  Chipperfield,  M.R.C.S., 
Liverpool. 

1 have  used  your  lymph  for  the  last  three  or  four  years, 
having  found  it  more  certain  than  any  other. 

Jas.  McConnell,  M.B.,  M.R.C.S., 
Deptford. 

1 have  much  pleasure  in  saying  that  the  Rebman  Co.  have 
| supplied  me  with  lymph  for  vaccination  for  some  time  past. 
Every  case  that  1 have  vaccinated  with  this  lymph  has 
Ireen  successful. 

E.  S.  Nutting,  M.B., 

Public  Vaccinator  for  3rd  District  of  Mansfield. 


Dear  Sir, — After  several  months'  trial  of  your  Lymph 
1 am  pleased  to  tell  you  that  1 like  it  better  than  any 
I have  ever  used.  I have  not  had  a single  failure  so  far. 
Tile  tubes  are  pleasant  to  work  with,  and  each  contains 
enough  Lymph,  I find,  for  two  or  three  vaccinations.  1 
take  every'  opportunity  of  recommending  it. 

Yours  truly, 

E.  Mariette,  M.B.  I.ond., 

Plymouth. 


Your  vaccine  is  splendid.  ...  I have  vaccinated  with 
last  lot.  I got  over  fifteen  cases  . . . all  lovely  ...  no 
inflammation.  John  Todd,  Surgeon, 

Lancaster. 


As  Public  Vaccinator,  1 have  had,  as  you  know,  many 
opportunities  of  testing  your  lymph,  and  I have  found  it 

very  reliable. 

A.  T.  Bacon,  L.R.C.P.,  M.R.C.S., 

Leeds. 


1 have  used  your  lymph  exclusively  for  some  time  past, 
and  I have  been  very  well  satisfied  with  it,  not  having 
missed  on  a single  occasion. 

T.  Berry,  MiB.,  etc., 

Charlton. 


1 have  used  your  lymph  for  about  two  years  now,  and 
have  always  been  thoroughly  satisfied  with  the  results. 

J-  Johnson,  M.B.,  C.M., 

Port  Glasgosv. 


Rochdale, 

January  21,  1S99. 

130  people  vaccinated  with  your  lymph,  and  all  taken, 
speaks  for  itself.  H.  Woodward,  Chemist. 
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